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Abstract There are several functional approaches to dataflow programming, produced by varying the level
of abstraction of the language. The level of abstraction has immediate impact on the trade-offs between effec-
tiveness (how easy it is to write correct programs) and efficiency (time and space costs of execution) that the
language makes. In this paper we present a language for dataflow programming which operates at higher
level of abstraction, by making events and the switching infrastructure transparent. To solve the problem of
potentially infinite computation in cyclic dataflow networks we adopt a synchronous mode of propagation,
leading to a novel language design which we call transparent synchronous dataflow (TSD). This language is
semantically defined using a graph-rewriting abstract machine, which gives a cost-accurate execution model.
Using it, we prove three main results: safety of execution, implementation-independent efficiency, and deter-
ministic execution for concurrent update. We also provide a semi-naive concrete implementation as an OCaml
PPX extension which we use to compare it with similar languages via benchmarks.
Keywords Semantics of programming languages, Dataow computation, Geometry of Interaction,
Synchronous computation
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1 Introduction
The synthesis of the functional and dataflow paradigms has led to a variety of exciting
programming language ideas, of which perhaps the most prominent is functional
reactive programming (FRP) [14] (see also [6] for a recent comprehensive introduction).
The essential concepts are those of signals, i.e. values that change over time, and
events, indicating such changes. The system must provide the switching infrastructure
for propagating and responding to events. FRP, compared to stream processing, makes
time transparent. Unlike in stream programming, where we can request some stream
element at any arbitrary position n (where n has the type of the stream index) in FRP
usually we may not request the event for a signal at a given time t. Storing all past
events is expensive, producing future events is impossible.
Signals can be naturally represented as monads in functional languages. However,
it was noticed that multiplication in the signal monad is a potentially expensive
operation. This problem has been addressed via constraining FRP programs using
modal type systems [28] or by moving from monads to arrows [30].
An alternative approach to dealing with the problem of expensive operations in
FRP is by raising the level of abstraction yet again, and making events transparent.
Such an abstraction requires a switching infrastructure akin to that of a spreadsheet.
This is an interesting language design choice for FRP because it has immediate
practical applications in real-life software, such as GUI construction [34]. Languages
for self-adjusting computation (SAC) can be used, even though their main rationale
is quite different. SAC uses a sophisticated memoisation mechanism which supports
incremental propagation of changes to values for performance reasons, motivated by
applications such as on-line combinatorial algorithms [2]. Memoisation is transparent,
and the transparent propagation of change can be used as a mechanism for switching.
The change itself can be seen as the event, and the value being changed as the signal.
Automatic propagation of change along dependencies which form feedback loops
may diverge, so the SAC switching network is required to be a directed acyclic graphs
(DAG). This is a restriction FRP systems usually do not require, but it is encountered
in spreadsheet systems. This restriction prevents, among other things, the definition
of any systems with feedback, such as state machines generally construed. Lifting
this restriction requires finding a way to ban infinite propagation along the feedback
loops. This is achieved using synchronous streams, in which change is propagated only
for a bounded amount of time which is identified, generally speaking to a ‘tick’ of
an abstract clock. Languages such as Esterel [8], ReactiveML [33], Lustre [21], Lucid
Synchrone [10], and Zélus [7] have pioneered this model of computation and, from
the various language tutorial and preferred examples it is clear that a great deal of
prefered applications are in simulation of systems, especially in Lucid Synchrone and
Zélus. To increase programming convenience and expressivity these latter language
are syntheses of the synchronous and the functional style, which allow the writing of
compact and elegant code.
However, these languages remain committed to their synchronous programming
roots in two ways. The first one, limiting propagation to one step at a time, is, as
we have already argued, useful for simulations. The second one is ensuring that the
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streams of data maintain a constant rate. Particular semantic care is given to an
operation which ‘merges’ two streams into a single one. Such an operation can work
synchronously only if of the two merge streams, at any time cycle, exactly one is
productive. The other must be not. Complex ‘clock type systems’ are used to ensure
this property [13]. Yet from the point of view of simulations the ‘merging’ operation is
too low level and is rarely required. Moreover, the propagation of data of unbounded
size (e.g. lists) is fundamentally incompatible with synchrony taken too seriously.
1.1 Design aims
We are therefore proposing a language, Transparent Sycnhronous Dataflow (TSD)
which is squarely aimed at writing simulations. It uses an underlying synchronous
propagation model for events, but it abstracts from it as much as possible. In fact our
lingo will be rather that of SAC (or of spreadsheets) than that of signals and streams:
we will use the concept of a ‘cell’ instead of that of a ‘signal’, although the two can
be conceptually swapped. Also, much like in the case of SAC we allow the reshaping
of the dataflow network at runtime using imperative commands, while disallowing
direct (co)recursive definitions. This decision is also done in the spirit of favouring
simplicity of programming, since (co)recursive definitions need rather sophisticated
checks for well-formedness.
This is a summary of the comparison between TSD and the most similar other
programming languages:
Incremental/Self-adjusting computation Like TSD, it is transparent and it uses the
‘cell update’ (rather than ‘signal’) metaphor and allows imperative update of the
dataflow graph. Unlike TSD it does not allow feedback cycles and is essentially
asynchronous. Unlike TSD it is not type-safe, as runtime creation of cycles will lead
to uncatcheable exceptions.
Reactive ML Like TSD it is synchronous, but it is profoundly signal-oriented, expressive,
and low-level, very close to a process calculus. Unlike TSD it is not type-safe in the
sense that it is possible (in fact very easy) to write deadlocking computations.
Lustre/Lucid Synchrone/Zelus are the closest to TSD but provide stream-management
features such as clock-types, and require causality checks. Lustre is a ground-type
programming langauges, but Lucid and Zelus add higher-order functions. The level
of integration between the functional and the reactive features differs. Lucid is said
to have both streams-of-functions and functions-of-streams, whereas TSD only has
functions-of-streams. Streams-of-functions are generally unsafe because functions
may have unexpressed effects which can lead to the change of the dataflow graph
during event propagation, which can produce livelocks. However, we could not
study functions-of-streams in Lucid since the compiler is no longer maintained.
Zelus on the other hand does not have functions-of-streams, although a currently
implemented but not-yet-released version is supposed to have that, like TSD. While
these languages have proofs of soundness for the synchronous core, only TSD is
providing a proof of soundness for the full higher-order language with synchronous
features.
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1.2 Contributions
Generalising the switching network to allow feedback, in the presence of transparent
events, raises the possibility of diverging propagation. The solution we adopt is
inspired by clocked digital circuits. The first requirement is that all feedback loops
must contain at least a memory cell. The second requirement is that all switching
starts from memory cells and ends with memory cells, so that each gets updated at
most once. We call this synchronous dataflow, because memory cells, which serve as
signals, also serve as a synchronisation point for events.
In this paper we present a TSD calculus, i.e. an abstract formal language which
inhabits this design space, its syntax and a cost-accurate operational semantics. The
main technical results are:
Safety: Well typed TSD programs do not have runtime errors and, absent function-
level recursion, terminate even in the presence of feedback loops in the switching
network (Thm. 3.2).
Determinism: The switching network is free of race conditions, so parallel propagation
is deterministic (Prop. 3.1).
Eciency: The cost model of the abstract machine indicates that all the primitive
operations used by TSD are in-principle efficiently implementable (Thm. 3.3).
Efficiency, determinism and safety for TSD are the main theoretical results of our
paper. We also believe that once the reader becomes used to the novelty of the graph-
rewriting abstract machine, its perspective on computation can become very intuitive,
in particular in terms of the direct visualisation of the switching network and the
propagation of events.
To allow a more hands-on experience, the TSD calculus is accompanied by an on-line
execution visualiser¹ for its abstract machine and by a proof-of-concept implementation
as an OCaml language extension.² Since TSD inhabits a previously unoccupied de-
sign space, comparisons with other languages must be accepted, necessarily, as less
than perfect. We single out for our comparison the Incremental SAC library for
OCaml [34], the ReactiveML synchronous extension of an ML-like language [33],
and the transparent synchronous language Zélus [7] noting that head-to-head
benchmark results are very encouraging.
2 Transparent Synchronous Dataow
2.1 Example: State machines using feedback
Before we get technical, let us have an informal look at the language. A simple
motivating example is that of a state machine, implemented as below. The braces {...}
indicate a cell, used to store the machine state. The transition function trans, along
1 https://cwtsteven.github.io/TSD-visual/
2 https://github.com/cwtsteven/TSD
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with the initial state value init, are given as arguments. The link command creates a
dependency between the value in a cell and a dataflow graph, to be integrated into
the switching network. Whenever the value of inp changes, the new value trans state
inp will be transparently propagated back to state. The feedback loop is from state
back to itself:
let state_machine init trans inp =
let state = {init} in link state (trans state inp); state
A simple instance of this is an oscillator, a state machine that produces a stream of
alternating zeros and ones:
let alt = state_machine 1 (λ s. 1 - deref s) 0
Another simple example is an accumulator, which adds the value of the input (inp)
to the state:
let sum inp = state_machine 0 (λ s. λ i. i + deref s) inp
A composite state machine (alt_sum) which feeds the output of alt into sum is
defined by passing the value of the former as an argument to the latter:
let alt_sum = sum (deref alt)
The switching network works transparently and concurrently, but not automatically.
The command step runs it for one step, i.e. until all cells have been updated at most
once. This is the same synchronous execution model encountered in clocked digital
circuits, and it corresponds to one clock cycle. For our running example, inspecting
the value of the state machine (peek alt_sum) after 3 cycles, and producing a stable
value, is achieved by
step; step; step; peek alt_sum
This example is preloaded in the online visualiser.³
The TSD language. The TSD language is implemented concretely as a module library
in OCaml together with a ppx language extension.⁴ Using a language extension allows
a tighter syntactic integration between the TSD and the host language. The example
in the previous section, expressed in the TSD calculus, is expressed as follows in the
concrete implementation:
let state_machine init trans inp =
let init = lift init and trans = lift trans in
let state = cell init in
state <~ [%dfg trans state inp]; state
let alt = state_machine 1 (fun s _ -> 1 - s) (lift 0)
let sum inp = state_machine 0 (fun s i -> i + s) inp
let alt_sum = sum alt
let _ = step (); step (); step (); peek alt_sum
3 https://cwtsteven.github.io/TSD-visual/?ex=alt
4 https://github.com/cwtsteven/TSD
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For reasons of compilation efficiency we separate the TSD-specific behaviour using
the [%dfg ... ] ppx extension. It instructs the compiler to interpret the enclosed term as a
dataflow graph rather than as a normal OCaml term. The lift function maps an OCaml
term into the corresponding dataflow graph so that it can be used inside a [%dfg ... ]
context. The < operator is syntactic sugar for link. For reference, a program which
implements the same composition of two state machines, written in a conventional
reactive-style OCaml idiom is given in Fig. L.2 (Appendix).
2.2 Example: FIR using synchrony
A common application of synchronous reactive programming are the widely-used
finite-input response filters (FIR). They do not require feedback, but implementation is
helped by the presence of synchrony. An order N FIR filter computes the sum
y[n] = b0x[n] + b1x[n− 1] + · · ·+ bN x[n− N] =
N∑
i=0
bi · x[n− i],
where x[n] means the n-th element of the sequence.
The concrete TSD definition of an order N filter is succinct and, arguably, quite
elegant.⁵
let (+’) = lift (+)
let r x fs =
fold_left (fun (sum,s) f -> [dfg (lift f) s +’ sum], cell s) (lift 0.0, x) fs |> fst
This is actually a generalisation of a FIR because we are using arbitrary functions
at each stage rather than multiplication by constant coefficients bi. The function r
returns the interface to the filter as a pair of inputs and outputs. A concrete FIR filter,
such as a running average of order 3 can be instantiated from the above as
let avg3 x = r x [fun x -> x /. 3.0; fun x -> x /. 3.0; fun x -> x /. 3.0]
An even more concise implementation can be given using a generic N -step delay
operator and folding over the signal (Fig. ??, Appendix). For reference, a conventional
reactive-style OCaml implementation of a FIR filter is given in Fig. L.3 (Appendix).
3 The TSD calculus
3.1 Syntax and informal semantics
The calculus is an extension of the simply-typed lambda calculus with base types
integers, integer cells, and unit. Let γ ::= Int | Cell | Unit. These are the base types.
5 https://cwtsteven.github.io/TSD-visual/?ex=r
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Γ , x : τ ` x : τ
Γ , x : τ ` t : τ′
Γ ` λx .t : τ→ τ′
Γ ` t ′ : τ→ τ′ Γ ` t : τ
Γ ` t ′ t : τ′ Γ ` n : Int
Γ ` op : τ
Γ ` t : Int Γ ` t1 : γ Γ ` t1 : γ
Γ ` if t then t1 else t2 : γ
Γ , f : τ ` t : τ
Γ ` rec f .t : τ
Figure 1 The typing rules of TSD
The language has simple types as defined by the grammar τ ::= γ | τ→ τ.Terms are
defined by the grammar below with $ being arithmetic operations.
t ::= x | λx .t | t t | n | op | if t then t else t | rec x .t
where op ranges over the following primitive operations:
+,−,×,÷ : Int→ Int→ Int (arithmetic operations)
{_} : Int→ Cell (cell creation)
link : Cell→ Int→ Unit (linking)
assign : Cell→ Int→ Unit (assignment of cells)
peek : γ→ γ (peeking)
deref : Cell→ Int (dereferencing of cells)
root : Cell→ Int (dataflow graph of cells)
step : Int (step propagtion)
The core of the language is PCF [39], with a set of constant operations op of various
arities, extended with cells ({t}). Cells can be assigned to (assign) and read from (peek)
just like state. However, active dependencies can be established between cells (link).
Any change to a dependency is automatically propagated when the step function is
called.
The operations are sometimes written in infix notation, as usual. Sometimes + t u
is also used for t + u. The typing rules of the calculus are defined in Fig. 1. As seen,
cells must store ground-type data. However, cells must not store higher-order terms,
as this may cause unsafe behaviour.
The typing rules of the calculus are defined in Fig. 1.
3.2 Informal introduction to DGOIM semantics
We define the formal operational semantics of TSD using a significantly enhanced
(with synchronous parallel computation) version of the graph-rewriting abstract
machine called the Dynamic Geometry of Interaction Machine (DGOIM) [37]. The
rewrite rules are algorithmically simple, by which we mean that only a limited set
of operations are employed (deleting node, reassigning edges, copying sub-graphs)
rather than the full machinery of graph rewriting. This makes the DGOIM efficient
for a variety of reduction strategies for the lambda calculus, in the sense of [3], the
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underlying calculus of our functional language. The DGOI is a new approach to
modelling execution. Before the technical exposition let us understand the main ideas
and concepts of strategic graph rewriting.
TSD includes a dataflow calculus of cells, linking, change propagation, and (two
kinds of) dereferencing, which we naturally describe as a dataflow graph. Cells,
constants, and operations are nodes, and dependencies are edges. Linking reassigns
edges of the graph, and change propagation amounts to appropriately updating its cell-
nodes. Since our full calculus consists of the dataflow calculus grafted onto the lambda
calculus, we extend this graph-oriented view of computation to the full language,
which includes a dataflow representation of higher-order functions, borrowed from
the original DGOIM [37].
The DGOIM works in a similar way to a conventional reduction semantics for a
language with explicit substitution, except that terms are represented as graphs. Term
constructors (abstraction, application) are nodes in the graph and variables are edges.
Computation is modelled by the strategic reduction of the graph using a roving token
(i.e. a selected edge in the graph plus some global information). By strategic we
mean that the trajectory of the token is determined by local rules, and that (simple)
rewritings only happens at the token.
Connection to term reduction semantics In a conventional term rewriting semantics,
an implicit but subtle aspect of the reduction bureaucracy is the identification and
isolation of a sub-term called redex from the context. The DGOI makes this machinery
explicit by using the token and its data. The node the token is pointing at is the redex.
Moving the token along one of its outgoing edges (always upwards, in our convention)
narrows the evaluation context, whereas a descending token broadens it. Spelling
out context manipulation makes the semantics more elaborate, but is essential in
achieving our goal of a realistic cost model of computation.
For instance, the sequence below shows a call-by-value evaluation in conventional
semantics (@ denotes application). Redex candidates are underlined. The transition
¹¹Ë indicates a change of focus, and the arrow→ a rewriting reduction applied to the
redex: (λx .x)@ (1+ 2) ¹¹Ë (λx .x)@ (1+ 2)→ (λx .x)@ 3.
The DGOIM representation is a graph with nodes λ, @, +, 1, 2. It is like a syntax
tree, except that bound variables loop back to their binder rather than receiving a
name (x). The red highlighting of an edge is the token. The change of focus can be
seen in the way the token moves then reduces the graph:
λλ
@
+
λ
1 2
+
1 2
@
3
@
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@
λ
+
+
C 1
!
!
D !
2
@
λ
+
+
C 1
!
!
2
+
+
C 1
!
!
2
+
+
1
!
!
2
!
2
+
1
!
4
!
5
!
Figure 2 DGOIM evaluation of (λx .x + x + 1) 2
Functional computation All examples here, and more, can be interactively explored
using the online graph-rewriting engine.⁶
Let us understand first how a basic lambda term with no dataflow computes (Fig. 2).
For simple expressions the computation graph resembles the syntax tree. Constants
and operations are nodes and variables are edges. Abstraction is represented as a
cycle in the graph. Contraction (a variable used many times) is handled by dedicated
contraction nodes. All these features are illustrated by the term (λx .x + x + 1) 2.⁷
Other elements (blue) are linear logic artefacts for managing the bureaucracy of
copying or sharing sub-graphs. Finally, some sub-graphs are identified in boxes which
means that they are treated as a whole for the purpose of sharing or copying.
The token is a double red arrow (some reduction steps are omitted). A highlighting
yellow arrow shows the trajectory of the token when no significant rewrites occur.
After visiting the argument of the first application, as right-to-left CBV evaluation
requires, the first rewrite is the opening of the box encapsulating the lambda term.
Immediately after, the λ-@ pair of nodes is eliminated, fusing the edge corresponding
to the argument of the function to the argument 2. After a few propagation steps the
token reaches the contraction node (C), which triggers the copying of the argument
2, thus completing the beta reduction. The final few steps reduce the arithmetic
expression 2+ 2+ 1 to the constant 5.
Dataow computation Now let us look at how dataflow can be described in DGOIM
by examining a simple example:
let a = {0} in let b = {1} in let c = {2} in
link c (a + b); step; deref c
6 https://cwtsteven.github.io/TSD-visual/
7 https://cwtsteven.github.io/TSD-visual/?ex=basic
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0
!
{0}
1
!
{1}
{2}
+
@
λ
dC
!
?
D s
0
!
{0}
1
!
{1}
{1}
+
@
λ
dC
!
?
D true
Figure 3 Step propagation
When the step command is about
to be executed, the shape of the
dataflow graph is as in Fig. 3. {n}-
labelled nodes are the cells, which
each have a current value and a de-
pendency. When the evaluation token
reaches the s-labelled node, represent-
ing the step command, each cell will
concurrently exanimate its dependen-
cies and updated their stored value. The
s node itself becomes true if any up-
dates were propagated and false if the
dataflow network was already stable.
The changes to the overall computation
graph are highlighted by the green ar-
rows.
3.3 Graph and Machine States
In this section we present the technical details of the DGOI machine.⁸
A graph is a set of nodes which are partitioned into proper (or just ‘nodes’) and
link nodes (or just ‘links’), and a set of directed edges. Each edge has at least one
link endpoint and there are no open edges. Every link is the source of at most one
edge and the target of another. If a graph contains edges between two links they are
identified by an edge homeomorphism; our graphs are quotiented by the congruence
induced by edge homeomorphisms in an appropriate category of graphs [25]. We
often denote a graph by G : Λ → Γ where Λ and Γ are the set of open inputs and
outputs respectively. They are also called the input and output interfaces.
Links are typed (θ ::= ν | κ), with either linear types ν ::= Int | Unit or qualified
types κ ::= !ν | Cell. We also denote qualified base types as η ::= !Int | !Unit | !Cell.
Adjacent links have the same types, to be coherent with the wire homeomorphism.
We use NodeG for the set of (proper) nodes and LinkG for the set of links. We often
refer to a node using their labels, for example, we say a λ-node for a node labelled by λ.
Some labels are used to indicate nodes that interpret TSD calculus constructs: λ-node
(abstraction),@-node (application), n-node (constants), s-node (step), p-node (peek),
d-node (dereference), r-node (root dependency), m-node (memory cell creation),
$-node (arithmetic operations), if-node (conditionals), µ-node (recursion), a-node
(assignment) and l-node (link). Some nodes do not correspond to a syntactic construct
but are created at runtime to represent dataflow graphs: {n}-node (memory cell).
Finally the !-node, ?-node, D-node and C-node (contraction) are markers used to
8 All the technical details are presented in a self-contained Appendix.
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2
<latexit sha1 _base64="216BsO9cXKL/D9qld rA8YJiACqM=">AAAB73icbVDL SgNBEOz1GeMr6tHLYBA8hd0o6 DHgxWME84BkCb2TSTJkdnacmRX Ckp/w4kERr/6ON//GSbIHTSxo KKq66e6KlODG+v63t7a+sbm1Xd gp7u7tHxyWjo6bJkk1ZQ2aiES 3IzRMcMkallvB2kozjCPBWtH4d ua3npg2PJEPdqJYGONQ8gGnaJ 3U7o5RKexVe6WyX/HnIKskyEk ZctR7pa9uP6FpzKSlAo3pBL6yY YbacirYtNhNDVNIxzhkHUclxs yE2fzeKTl3Sp8MEu1KWjJXf09k GBsziSPXGaMdmWVvJv7ndVI7u AkzLlVqmaSLRYNUEJuQ2fOkzzW jVkwcQaq5u5XQEWqk1kVUdCEE yy+vkma1ElxWqvdX5RrJ4yjAK ZzBBQRwDTW4gzo0gIKAZ3iFN+/ Re/HevY9F65qXz5zAH3ifP7gi j6Y=</latexit>
1
<latexit sha1 _base64="SHQ0ZfdGDVDGgzwpU oUdVkKu4sc=">AAAB73icbVDL SgNBEOz1GeMr6tHLYBA8hd0o6 DHgxWME84BkCb2TSTJkdnacmRX Ckp/w4kERr/6ON//GSbIHTSxo KKq66e6KlODG+v63t7a+sbm1Xd gp7u7tHxyWjo6bJkk1ZQ2aiES 3IzRMcMkallvB2kozjCPBWtH4d ua3npg2PJEPdqJYGONQ8gGnaJ 3U7o5RKewFvVLZr/hzkFUS5KQ MOeq90le3n9A0ZtJSgcZ0Al/ZM ENtORVsWuymhimkYxyyjqMSY2 bCbH7vlJw7pU8GiXYlLZmrvycy jI2ZxJHrjNGOzLI3E//zOqkd3 IQZlyq1TNLFokEqiE3I7HnS55p RKyaOINXc3UroCDVS6yIquhCC 5ZdXSbNaCS4r1furco3kcRTgF M7gAgK4hhrcQR0aQEHAM7zCm/f ovXjv3seidc3LZ07gD7zPH7ae j6U=</latexit>
@
<latexit sha1 _base64="EODeSM1dpGiTeNlPb ex3j3ELD5U=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipWR+UK27VXYCsEy8nFcjRGJS /+sOYpRFKwwTVuue5ifEzqgxnA melfqoxoWxCR9izVNIItZ8tDp 2RC6sMSRgrW9KQhfp7IqOR1tMo sJ0RNWO96s3F/7xeasJbP+MyS Q1KtlwUpoKYmMy/JkOukBkxtYQ yxe2thI2poszYbEo2BG/15XXS rlW9q2qteV2pkzyOIpzBOVyCB zdQh3toQAsYIDzDK7w5j86L8+5 8LFsLTj5zCn/gfP4AiG2Mpg== </latexit>
$
<latexit sha1_base64="JQ7O +IXGKQnCywzOP7HUyj374DU=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LFbBU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz00Dvrlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME 1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dknOrDEgYK1v SkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJ jM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0qpVvctq7f6qU id5HEU4gVO4AA+uoQ530IAmMAjhGV7hzRk7L86787FoLTj5zDH8 gfP5Aw68jPA=</latexit>
n
<latexit sha1_base64="qwmk CCdWplvKEzFyiMtXfVPNC8U=">AAAB83icbVDLSsNAFJ3UV62vq ks3g0VwVZIq6LLgxmUF+4AmlMnkph06mYR5CCX0N9y4UMStP+PO v3HSZqGtBwYO59zDvXPCjDOlXffbqWxsbm3vVHdre/sHh0f145 OeSo2k0KUpT+UgJAo4E9DVTHMYZBJIEnLoh9O7wu8/gVQsFY96l kGQkLFgMaNEW8n3jYhAFmEsRvWG23QXwOvEK0kDleiM6l9+lFKT gNCUE6WGnpvpICdSM8phXvONgozQKRnD0FJBElBBvrh5ji+sEuE 4lfYJjRfq70ROEqVmSWgnE6InatUrxP+8odHxbZAzkRkNgi4XxY ZjneKiABwxCVTzmSWESmZvxXRCJKHa1lSzJXirX14nvVbTu2q2H q4bbVzWUUVn6BxdIg/doDa6Rx3URRRl6Bm9ojfHOC/Ou/OxHK04 ZeYU/YHz+QPzxpGE</latexit>
()
<latexit sha1_base64="Jsdndm8LHo00H+ MdK7j7c46DUsk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2WmCrosuHFZwT6gHUsmvW1 DM5khyShl6H+4caGIW//FnX9j2s5CWw8EDufcw705QSy4Nq777eTW1jc2t/LbhZ3dvf2D4u FRU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXjm5nfekSleSTvzSRGP6RDyQecUWOlh24i+6 hm4bR8Pu0VS27FnYOsEi8jJchQ7xW/uv2IJSFKwwTVuuO5sfFTqgxnAqeFbqIxpmxMh9ixV NIQtZ/Or56SM6v0ySBS9klD5urvREpDrSdhYCdDakZ62ZuJ/3mdxAyu/ZTLODEo2WLRIBHE RGRWAelzhcyIiSWUKW5vJWxEFWXGFlWwJXjLX14lzWrFu6hU7y5LNZLVkYcTOIUyeHAFNbi FOjSAgYJneIU358l5cd6dj8Vozskyx/AHzucPY1SSUw==</latexit>
s
<latexit sha1_base64="l7qU FD+Ap+Lm0zOhf0IgfOIR7aE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG1 7nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1XvqlprXlfqJ I+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84 nz/VuYzZ</latexit>
p
<latexit sha1_base64="iPTQ c4GWN4Ze5khPiuuvqg80POI=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq 3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWn IQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTO ZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWvK7US R5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9w Pn8A0S2M1g==</latexit>
d
<latexit sha1_base64="kNQV NiwXGiId9rXqnZFBN477O/U=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJu3azSbsboRS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+f ikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx3dzvPKHSPJEPZ pKiH9Oh5BFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/TBhWYzSMEG1 7nluavwpVYYzgbNSP9OYUjamQ+xZKmmM2p8uDp2RC6uEJEqULWn IQv09MaWx1pM4sJ0xNSO96s3F/7xeZqJbf8plmhmUbLkoygQxCZ l/TUKukBkxsYQyxe2thI2ooszYbEo2BG/15XXSrlW9q2qteV2pk zyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/g fP4Avv2Myg==</latexit>
m
<latexit sha1_base64="SCiH xsF35CnyMeIpKKgzqwMIS9I=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3a3STsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJ3dzvPKHSPI4ez DRBX9JRxEPOqLFSUw7KFbfqLkDWiZeTCuRoDMpf/WHMUomRYYJq 3fPcxPgZVYYzgbNSP9WYUDahI+xZGlGJ2s8Wh87IhVWGJIyVrci Qhfp7IqNS66kMbKekZqxXvbn4n9dLTXjrZzxKUoMRWy4KU0FMTO ZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWvK7US R5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9w Pn8AzKGM0w==</latexit>
Cell
<latexit sha1_base64="pvkI JE+mxvfQnxaTk5CI5LL3S8Q=">AAAB9HicbVDLSgMxFL1TX7W+q m4EN8EiuCozVdBloRuXFewD2qFk0kwbmmTGJFMoQ7/DjQtF3Pox 7vwbM+0stPVA4HDOvdyTE8ScaeO6305hY3Nre6e4W9rbPzg8Kh +ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJo3M70yp0iySj 2YWU1/gkWQhI9hYye8LbMZKpA3K+XxQrrhVdwG0TrycVCBHc1D+ 6g8jkggqDeFY657nxsZPsTKMcDov9RNNY0wmeER7lkosqPbTReg 5urTKEIWRsk8atFB/b6RYaD0TgZ3MQupVLxP/83qJCe/8lMk4MV SS5aEw4chEKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5N2r epdV2sPN5X6WV5HEc7hAq7Ag1uowz00oQUEnuAZXuHNmTovzrvz sRwtOPnOKfyB8/kDIXKSMw==</latexit>
Cell
<latexit sha1_base64="pvkI JE+mxvfQnxaTk5CI5LL3S8Q=">AAAB9HicbVDLSgMxFL1TX7W+q m4EN8EiuCozVdBloRuXFewD2qFk0kwbmmTGJFMoQ7/DjQtF3Pox 7vwbM+0stPVA4HDOvdyTE8ScaeO6305hY3Nre6e4W9rbPzg8Kh +ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJo3M70yp0iySj 2YWU1/gkWQhI9hYye8LbMZKpA3K+XxQrrhVdwG0TrycVCBHc1D+ 6g8jkggqDeFY657nxsZPsTKMcDov9RNNY0wmeER7lkosqPbTReg 5urTKEIWRsk8atFB/b6RYaD0TgZ3MQupVLxP/83qJCe/8lMk4MV SS5aEw4chEKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5N2r epdV2sPN5X6WV5HEc7hAq7Ag1uowz00oQUEnuAZXuHNmTovzrvz sRwtOPnOKfyB8/kDIXKSMw==</latexit>
!F
<latexit sha1 _base64="uCO/pVMTmPk3yEIZV CeXCZBUqgI=">AAAB/3icbVDN S8MwHE3n15xfVUEEL9EheBrtF PQ4EMTjBPcBWxlplm5hSVqSVBi 1B/8VLx4U8eq/4c3/xrTrQTcf hDze+/3Iy/MjRpV2nG+rtLS8sr pWXq9sbG5t79i7e20VxhKTFg5 ZKLs+UoRRQVqaaka6kSSI+4x0/ Ml15nceiFQ0FPd6GhGPo5GgAc VIG2lgHyTHaZ8jPZY8yW/fT27 SdGBXnZqTAy4StyBVUKA5sL/6w xDHnAiNGVKq5zqR9hIkNcWMpJ V+rEiE8ASNSM9QgThRXpLnT+Gp UYYwCKU5QsNc/b2RIK7UlPtmM ouo5r1M/M/rxTq48hIqolgTgWc PBTGDOoRZGXBIJcGaTQ1BWFKT FeIxkghrU1nFlODOf3mRtOs19 7xWv7uoNg6LOsrgCJyAM+CCS9A At6AJWgCDR/AMXsGb9WS9WO/W x2y0ZBU7++APrM8fpEGWXw==</ latexit>
if
<latexit sha1_base64="cVFK nBsGJxj1VA8ZpCa2DOnYoC0=">AAAB8nicbVDLSsNAFL2pr1pfV ZduBovgqiRV0GXBjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc +TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT 7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94 izhfkTHSoSCUbRSfxBRnAjMRDgfVmtu3V2ArBOvIDUo0BpWvwaj mKURV8gkNabvuQn6GdUomOTzyiA1PKFsSse8b6miETd+tog8Jxd WGZEw1vYpJAv190ZGI2NmUWAn84hm1cvF/7x+iuGtnwmVpMgVW3 4UppJgTPL7yUhozlDOLKFMC5uVsAnVlKFtqWJL8FZPXiedRt27q jcermtNUtRRhjM4h0vw4AaacA8taAODGJ7hFd4cdF6cd+djOVpy ip1T+APn8wfBZpF0</latexit>

<latexit sha1_base64="GpUa h58jeuTgVaqvPNlg/vXfUGE=">AAAB7XicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWME84BkCb2TSTJmdnaYmRXCkn/w4kERr/6P N//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo 6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPd qJYGONQ8gGnaJ3U7I5RKeyVyn7Fn4OskiAnZchR75W+uv2EpjGT lgo0phP4yoYZasupYNNiNzVMIR3jkHUclRgzE2bza6fk3Cl9Mki 0K2nJXP09kWFszCSOXGeMdmSWvZn4n9dJ7eAmzLhUqWWSLhYNUk FsQmavkz7XjFoxcQSp5u5WQkeokVoXUNGFECy/vEqa1UpwWaneX 5VrJI+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzm BP7A+/wBjUCPAQ==</latexit>

<latexit sha1_base64="GpUa h58jeuTgVaqvPNlg/vXfUGE=">AAAB7XicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWME84BkCb2TSTJmdnaYmRXCkn/w4kERr/6P N//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo 6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPd qJYGONQ8gGnaJ3U7I5RKeyVyn7Fn4OskiAnZchR75W+uv2EpjGT lgo0phP4yoYZasupYNNiNzVMIR3jkHUclRgzE2bza6fk3Cl9Mki 0K2nJXP09kWFszCSOXGeMdmSWvZn4n9dJ7eAmzLhUqWWSLhYNUk FsQmavkz7XjFoxcQSp5u5WQkeokVoXUNGFECy/vEqa1UpwWaneX 5VrJI+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzm BP7A+/wBjUCPAQ==</latexit>

<latexit sha1_base64="GpUa h58jeuTgVaqvPNlg/vXfUGE=">AAAB7XicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWME84BkCb2TSTJmdnaYmRXCkn/w4kERr/6P N//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo 6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPd qJYGONQ8gGnaJ3U7I5RKeyVyn7Fn4OskiAnZchR75W+uv2EpjGT lgo0phP4yoYZasupYNNiNzVMIR3jkHUclRgzE2bza6fk3Cl9Mki 0K2nJXP09kWFszCSOXGeMdmSWvZn4n9dJ7eAmzLhUqWWSLhYNUk FsQmavkz7XjFoxcQSp5u5WQkeokVoXUNGFECy/vEqa1UpwWaneX 5VrJI+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzm BP7A+/wBjUCPAQ==</latexit>
µ
<latexit sha1_base64="JfNh HDmiXWSkW51tt1a0oYAngQE=">AAAB6nicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWNE84BkCbOT2WTIzOwy0yuEkE/w4kERr36R N//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo 6bNskM4w2WyMS0I2q5FJo3UKDk7dRwqiLJW9Hodua3nrixItGPO E55qOhAi1gwik566KqsVyr7FX8OskqCnJQhR71X+ur2E5YprpFJ am0n8FMMJ9SgYJJPi93M8pSyER3wjqOaKm7DyfzUKTl3Sp/EiXG lkczV3xMTqqwdq8h1KopDu+zNxP+8TobxTTgROs2Qa7ZYFGeSYE Jmf5O+MJyhHDtCmRHuVsKG1FCGLp2iCyFYfnmVNKuV4LJSvb8q1 0geRwFO4QwuIIBrqMEd1KEBDAbwDK/w5knvxXv3Phata14+cwJ/ 4H3+AFRyjbg=</latexit>
l
<latexit sha1 _base64="L3w36hKZEf3CPUHXd 8crJ2oG19k=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipKQblilt1FyDrxMtJBXI0BuW v/jBmaYTSMEG17nluYvyMKsOZw Fmpn2pMKJvQEfYslTRC7WeLQ2 fkwipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDWz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m5INwVt9eZ20 a1XvqlprXlfqJI+jCGdwDpfgw Q3U4R4a0AIGCM/wCm/Oo/PivDs fy9aCk8+cwh84nz/LHYzS</la texit>
Cell
<latexit sha1 _base64="pvkIJE+mxvfQnxaTk 5CI5LL3S8Q=">AAAB9HicbVDL SgMxFL1TX7W+qm4EN8EiuCozV dBloRuXFewD2qFk0kwbmmTGJFM oQ7/DjQtF3Pox7vwbM+0stPVA 4HDOvdyTE8ScaeO6305hY3Nre6 e4W9rbPzg8Kh+ftHWUKEJbJOK R6gZYU84kbRlmOO3GimIRcNoJJ o3M70yp0iySj2YWU1/gkWQhI9 hYye8LbMZKpA3K+XxQrrhVdwG 0TrycVCBHc1D+6g8jkggqDeFY6 57nxsZPsTKMcDov9RNNY0wmeE R7lkosqPbTReg5urTKEIWRsk8a tFB/b6RYaD0TgZ3MQupVLxP/8 3qJCe/8lMk4MVSS5aEw4chEKGs ADZmixPCZJZgoZrMiMsYKE2N7 KtkSvNUvr5N2repdV2sPN5X6W V5HEc7hAq7Ag1uowz00oQUEnuA ZXuHNmTovzrvzsRwtOPnOKfyB 8/kDIXKSMw==</latexit>
!Unit
<latexit sha1 _base64="MnOPJz76imJa2Xns4 7PpOydHb5I=">AAAB+XicbVBN S8NAFHypX7V+Rb0IXlaL4KkkV dBjwYvHCsYW2lA22027dLMJu5t CCfknXjwo4tV/4s1/46bNQVsH FoaZ93izEyScKe0431ZlbX1jc6 u6XdvZ3ds/sA+PnlScSkI9EvN YdgOsKGeCepppTruJpDgKOO0Ek 7vC70ypVCwWj3qWUD/CI8FCRr A20sC2s7O8H2E9llHmCabzgV1 3Gs4caJW4JalDifbA/uoPY5JGV GjCsVI910m0n2GpGeE0r/VTRR NMJnhEe4YKHFHlZ/PkObowyhCF sTRPaDRXf29kOFJqFgVmsgipl r1C/M/rpTq89TMmklRTQRaHwpQ jHaOiBjRkkhLNZ4ZgIpnJisgY S0y0KatmSnCXv7xKnpoN96rRf Liut07KOqpwCudwCS7cQAvuoQ0 eEJjCM7zCm5VZL9a79bEYrVjl zjH8gfX5A/KDk7s=</latexit>
Cell
<latexit sha1 _base64="pvkIJE+mxvfQnxaTk 5CI5LL3S8Q=">AAAB9HicbVDL SgMxFL1TX7W+qm4EN8EiuCozV dBloRuXFewD2qFk0kwbmmTGJFM oQ7/DjQtF3Pox7vwbM+0stPVA 4HDOvdyTE8ScaeO6305hY3Nre6 e4W9rbPzg8Kh+ftHWUKEJbJOK R6gZYU84kbRlmOO3GimIRcNoJJ o3M70yp0iySj2YWU1/gkWQhI9 hYye8LbMZKpA3K+XxQrrhVdwG 0TrycVCBHc1D+6g8jkggqDeFY6 57nxsZPsTKMcDov9RNNY0wmeE R7lkosqPbTReg5urTKEIWRsk8a tFB/b6RYaD0TgZ3MQupVLxP/8 3qJCe/8lMk4MVSS5aEw4chEKGs ADZmixPCZJZgoZrMiMsYKE2N7 KtkSvNUvr5N2repdV2sPN5X6W V5HEc7hAq7Ag1uowz00oQUEnuA ZXuHNmTovzrvzsRwtOPnOKfyB 8/kDIXKSMw==</latexit>
!Unit
<latexit sha1 _base64="MnOPJz76imJa2Xns4 7PpOydHb5I=">AAAB+XicbVBN S8NAFHypX7V+Rb0IXlaL4KkkV dBjwYvHCsYW2lA22027dLMJu5t CCfknXjwo4tV/4s1/46bNQVsH FoaZ93izEyScKe0431ZlbX1jc6 u6XdvZ3ds/sA+PnlScSkI9EvN YdgOsKGeCepppTruJpDgKOO0Ek 7vC70ypVCwWj3qWUD/CI8FCRr A20sC2s7O8H2E9llHmCabzgV1 3Gs4caJW4JalDifbA/uoPY5JGV GjCsVI910m0n2GpGeE0r/VTRR NMJnhEe4YKHFHlZ/PkObowyhCF sTRPaDRXf29kOFJqFgVmsgipl r1C/M/rpTq89TMmklRTQRaHwpQ jHaOiBjRkkhLNZ4ZgIpnJisgY S0y0KatmSnCXv7xKnpoN96rRf Liut07KOqpwCudwCS7cQAvuoQ0 eEJjCM7zCm5VZL9a79bEYrVjl zjH8gfX5A/KDk7s=</latexit>
⌫
<latexit sha1_base64="FDzn S7llVbni0+b+hTTzHTOVH/8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofH zSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1i NOE+xEdKREKRtFKD32VDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtk khrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa 2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJB iT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rl QbJ4yjCGZzDJXhwDQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fw B87nD1X3jbk=</latexit>
!⌫
<latexit sha1_base64="DMxX 7gVzGIigZN7Rxx9E/FS0dwY=">AAAB7XicbVDLSgNBEOz1GeMr6 kXwMhoET2E3CnoMePEYwTwgWcLsZDYZMzuzzEMIS/7BiwdFvPo/ 3vwbJ8keNLGgoajqprsrSjnTxve/vZXVtfWNzcJWcXtnd2+/dH DY1NIqQhtEcqnaEdaUM0EbhhlO26miOIk4bUWj26nfeqJKMykez DilYYIHgsWMYOOkZnY66QrbK5X9ij8DWiZBTsqQo94rfXX7ktiE CkM41roT+KkJM6wMI5xOil2raYrJCA9ox1GBE6rDbHbtBJ07pY9 iqVwJg2bq74kMJ1qPk8h1JtgM9aI3Ff/zOtbEN2HGRGoNFWS+KL YcGYmmr6M+U5QYPnYEE8XcrYgMscLEuICKLoRg8eVl0qxWgstK9 f6qXDvO4yjACZzBBQRwDTW4gzo0gMAjPMMrvHnSe/HevY9564qX zxzBH3ifP3Cxjug=</latexit>

<latexit sha1_base64="GpUa h58jeuTgVaqvPNlg/vXfUGE=">AAAB7XicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWME84BkCb2TSTJmdnaYmRXCkn/w4kERr/6P N//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo 6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPd qJYGONQ8gGnaJ3U7I5RKeyVyn7Fn4OskiAnZchR75W+uv2EpjGT lgo0phP4yoYZasupYNNiNzVMIR3jkHUclRgzE2bza6fk3Cl9Mki 0K2nJXP09kWFszCSOXGeMdmSWvZn4n9dJ7eAmzLhUqWWSLhYNUk FsQmavkz7XjFoxcQSp5u5WQkeokVoXUNGFECy/vEqa1UpwWaneX 5VrJI+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzm BP7A+/wBjUCPAQ==</latexit>

<latexit sha1_base64="GpUa h58jeuTgVaqvPNlg/vXfUGE=">AAAB7XicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWME84BkCb2TSTJmdnaYmRXCkn/w4kERr/6P N//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo 6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPd qJYGONQ8gGnaJ3U7I5RKeyVyn7Fn4OskiAnZchR75W+uv2EpjGT lgo0phP4yoYZasupYNNiNzVMIR3jkHUclRgzE2bza6fk3Cl9Mki 0K2nJXP09kWFszCSOXGeMdmSWvZn4n9dJ7eAmzLhUqWWSLhYNUk FsQmavkz7XjFoxcQSp5u5WQkeokVoXUNGFECy/vEqa1UpwWaneX 5VrJI+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzm BP7A+/wBjUCPAQ==</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
D
<latexit sha1_base64="MV2w 598ygWdtC1KwpAySZHUwuTo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCHjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5b yYJ+hEdSh5yRo2Vmrf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fjn2Mqg==</latexit>
!⌫
<latexit sha1_base64="DMxX 7gVzGIigZN7Rxx9E/FS0dwY=">AAAB7XicbVDLSgNBEOz1GeMr6 kXwMhoET2E3CnoMePEYwTwgWcLsZDYZMzuzzEMIS/7BiwdFvPo/ 3vwbJ8keNLGgoajqprsrSjnTxve/vZXVtfWNzcJWcXtnd2+/dH DY1NIqQhtEcqnaEdaUM0EbhhlO26miOIk4bUWj26nfeqJKMykez DilYYIHgsWMYOOkZnY66QrbK5X9ij8DWiZBTsqQo94rfXX7ktiE CkM41roT+KkJM6wMI5xOil2raYrJCA9ox1GBE6rDbHbtBJ07pY9 iqVwJg2bq74kMJ1qPk8h1JtgM9aI3Ff/zOtbEN2HGRGoNFWS+KL YcGYmmr6M+U5QYPnYEE8XcrYgMscLEuICKLoRg8eVl0qxWgstK9 f6qXDvO4yjACZzBBQRwDTW4gzo0gMAjPMMrvHnSe/HevY9564qX zxzBH3ifP3Cxjug=</latexit>
⌫
<latexit sha1_base64="FDzn S7llVbni0+b+hTTzHTOVH/8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofH zSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1i NOE+xEdKREKRtFKD32VDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtk khrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa 2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJB iT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rl QbJ4yjCGZzDJXhwDQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fw B87nD1X3jbk=</latexit>

<latexit sha1_base64="GpUa h58jeuTgVaqvPNlg/vXfUGE=">AAAB7XicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWME84BkCb2TSTJmdnaYmRXCkn/w4kERr/6P N//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo 6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPd qJYGONQ8gGnaJ3U7I5RKeyVyn7Fn4OskiAnZchR75W+uv2EpjGT lgo0phP4yoYZasupYNNiNzVMIR3jkHUclRgzE2bza6fk3Cl9Mki 0K2nJXP09kWFszCSOXGeMdmSWvZn4n9dJ7eAmzLhUqWWSLhYNUk FsQmavkz7XjFoxcQSp5u5WQkeokVoXUNGFECy/vEqa1UpwWaneX 5VrJI+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzm BP7A+/wBjUCPAQ==</latexit>

<latexit sha1_base64="GpUa h58jeuTgVaqvPNlg/vXfUGE=">AAAB7XicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWME84BkCb2TSTJmdnaYmRXCkn/w4kERr/6P N//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo 6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPd qJYGONQ8gGnaJ3U7I5RKeyVyn7Fn4OskiAnZchR75W+uv2EpjGT lgo0phP4yoYZasupYNNiNzVMIR3jkHUclRgzE2bza6fk3Cl9Mki 0K2nJXP09kWFszCSOXGeMdmSWvZn4n9dJ7eAmzLhUqWWSLhYNUk FsQmavkz7XjFoxcQSp5u5WQkeokVoXUNGFECy/vEqa1UpwWaneX 5VrJI+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzm BP7A+/wBjUCPAQ==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
-
!F
<latexit sha1_base64="uCO/ pVMTmPk3yEIZVCeXCZBUqgI=">AAAB/3icbVDNS8MwHE3n15xfV UEEL9EheBrtFPQ4EMTjBPcBWxlplm5hSVqSVBi1B/8VLx4U8eq/ 4c3/xrTrQTcfhDze+/3Iy/MjRpV2nG+rtLS8srpWXq9sbG5t79 i7e20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/Ml15nceiFQ0F Pd6GhGPo5GgAcVIG2lgHyTHaZ8jPZY8yW/fT27SdGBXnZqTAy4S tyBVUKA5sL/6wxDHnAiNGVKq5zqR9hIkNcWMpJV+rEiE8ASNSM9 QgThRXpLnT+GpUYYwCKU5QsNc/b2RIK7UlPtmMouo5r1M/M/rxT q48hIqolgTgWcPBTGDOoRZGXBIJcGaTQ1BWFKTFeIxkghrU1nFl ODOf3mRtOs197xWv7uoNg6LOsrgCJyAM+CCS9AAt6AJWgCDR/AM XsGb9WS9WO/Wx2y0ZBU7++APrM8fpEGWXw==</latexit>
Cell
<latexit sha1_base64="pvkI JE+mxvfQnxaTk5CI5LL3S8Q=">AAAB9HicbVDLSgMxFL1TX7W+q m4EN8EiuCozVdBloRuXFewD2qFk0kwbmmTGJFMoQ7/DjQtF3Pox 7vwbM+0stPVA4HDOvdyTE8ScaeO6305hY3Nre6e4W9rbPzg8Kh +ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJo3M70yp0iySj 2YWU1/gkWQhI9hYye8LbMZKpA3K+XxQrrhVdwG0TrycVCBHc1D+ 6g8jkggqDeFY657nxsZPsTKMcDov9RNNY0wmeER7lkosqPbTReg 5urTKEIWRsk8atFB/b6RYaD0TgZ3MQupVLxP/83qJCe/8lMk4MV SS5aEw4chEKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5N2r epdV2sPN5X6WV5HEc7hAq7Ag1uowz00oQUEnuAZXuHNmTovzrvz sRwtOPnOKfyB8/kDIXKSMw==</latexit>
{n}
<latexit sha1_base64="Xefs vhPirC/uKVcTKaU7lR0G9y4=">AAAB+XicbVDLSsNAFL2pr1pfU TeCm8EiuCpJFXRZcOOygn1AE8pkMmmHTiZhZlIooX/ixoUibv0T d/6NkzYLbT1w4XDOvTP3niDlTGnH+bYqG5tb2zvV3dre/sHhkX 180lVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkv/N6USsUS8 aRnKfVjPBIsYgRrIw1t28u9TIRUFg8g4c2Hdt1pOAugdeKWpA4l 2kP7ywsTksVUaMKxUgPXSbWfY6kZ4XRe8zJFU0wmeEQHhgocU+X ni83n6NIoIYoSaUpotFB/T+Q4VmoWB6YzxnqsVr1C/M8bZDq683 Mm0kxTQZYfRRlHOkFFDChkkhLNZ4ZgIpnZFZExlphoE1bNhOCun rxOus2Ge91oPt7UW2dlHFU4hwu4AhduoQUP0IYOEJjCM7zCm5Vb L9a79bFsrVjlzCn8gfX5A6H8k4U=</latexit>
Unit
<latexit sha1_base64="a0po Hv29MI5/0HI+DVy3HJiOLaE=">AAAB9HicbVBNSwMxFHzrZ61fV S+Cl2ARPJXdKuix4MVjBbcttEvJptk2NMmuSbZQlv4OLx4U8eqP 8ea/MdvuQVsHAsPMe7zJhAln2rjut7O2vrG5tV3aKe/u7R8cVo 6OWzpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+C732xOqNIvlo 5kmNBB4KFnECDZWCnoCm5ESmS+ZmfUrVbfmzoFWiVeQKhRo9itf vUFMUkGlIRxr3fXcxAQZVoYRTmflXqppgskYD2nXUokF1UE2Dz1 DF1YZoChW9kmD5urvjQwLracitJN5SL3s5eJ/Xjc10W2QMZmkhk qyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPZVuCt/zlVdKq1 7yrWv3huto4LeoowRmcwyV4cAMNuIcm+EDgCZ7hFd6cifPivDsf i9E1p9g5gT9wPn8AUleSUw==</latexit>
⌘
<latexit sha1_base64="s8Uh I6OsAnPmUDzfjVa1rVvPHvs=">AAAB63icbVBNS8NAEN3Ur1q/q h69LBbBU0mqoMeCF48V7Ae0oWy2k3bp7ibsToQS+he8eFDEq3/I m//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT 7p2CgxHNo8kpHpBcyCFBraKFBCLzbAVCChG0zvcr/7BMaKSD/iL AZfsbEWoeAMc2kAyIbVmlt3F6DrxCtIjRRoDatfg1HEEwUauWTW 9j03Rj9lBgWXMK8MEgsx41M2hn5GNVNg/XRx65xeZMqIhpHJSiN dqL8nUqasnakg61QMJ3bVy8X/vH6C4a2fCh0nCJovF4WJpBjR/H E6EgY4yllGGDciu5XyCTOMYxZPJQvBW315nXQade+q3ni4rjVpE UeZnJFzckk8ckOa5J60SJtwMiHP5JW8Ocp5cd6dj2VrySlmTskf OJ8//+eOGg==</latexit>
⌘
<latexit sha1_base64="s8Uh I6OsAnPmUDzfjVa1rVvPHvs=">AAAB63icbVBNS8NAEN3Ur1q/q h69LBbBU0mqoMeCF48V7Ae0oWy2k3bp7ibsToQS+he8eFDEq3/I m//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT 7p2CgxHNo8kpHpBcyCFBraKFBCLzbAVCChG0zvcr/7BMaKSD/iL AZfsbEWoeAMc2kAyIbVmlt3F6DrxCtIjRRoDatfg1HEEwUauWTW 9j03Rj9lBgWXMK8MEgsx41M2hn5GNVNg/XRx65xeZMqIhpHJSiN dqL8nUqasnakg61QMJ3bVy8X/vH6C4a2fCh0nCJovF4WJpBjR/H E6EgY4yllGGDciu5XyCTOMYxZPJQvBW315nXQade+q3ni4rjVpE UeZnJFzckk8ckOa5J60SJtwMiHP5JW8Ocp5cd6dj2VrySlmTskf OJ8//+eOGg==</latexit>
⌘
<latexit sha1_base64="s8Uh I6OsAnPmUDzfjVa1rVvPHvs=">AAAB63icbVBNS8NAEN3Ur1q/q h69LBbBU0mqoMeCF48V7Ae0oWy2k3bp7ibsToQS+he8eFDEq3/I m//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT 7p2CgxHNo8kpHpBcyCFBraKFBCLzbAVCChG0zvcr/7BMaKSD/iL AZfsbEWoeAMc2kAyIbVmlt3F6DrxCtIjRRoDatfg1HEEwUauWTW 9j03Rj9lBgWXMK8MEgsx41M2hn5GNVNg/XRx65xeZMqIhpHJSiN dqL8nUqasnakg61QMJ3bVy8X/vH6C4a2fCh0nCJovF4WJpBjR/H E6EgY4yllGGDciu5XyCTOMYxZPJQvBW315nXQade+q3ni4rjVpE UeZnJFzckk8ckOa5J60SJtwMiHP5JW8Ocp5cd6dj2VrySlmTskf OJ8//+eOGg==</latexit>
⌘
<latexit sha1_base64="s8Uh I6OsAnPmUDzfjVa1rVvPHvs=">AAAB63icbVBNS8NAEN3Ur1q/q h69LBbBU0mqoMeCF48V7Ae0oWy2k3bp7ibsToQS+he8eFDEq3/I m//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT 7p2CgxHNo8kpHpBcyCFBraKFBCLzbAVCChG0zvcr/7BMaKSD/iL AZfsbEWoeAMc2kAyIbVmlt3F6DrxCtIjRRoDatfg1HEEwUauWTW 9j03Rj9lBgWXMK8MEgsx41M2hn5GNVNg/XRx65xeZMqIhpHJSiN dqL8nUqasnakg61QMJ3bVy8X/vH6C4a2fCh0nCJovF4WJpBjR/H E6EgY4yllGGDciu5XyCTOMYxZPJQvBW315nXQade+q3ni4rjVpE UeZnJFzckk8ckOa5J60SJtwMiHP5JW8Ocp5cd6dj2VrySlmTskf OJ8//+eOGg==</latexit>
⌘
<latexit sha1_base64="s8Uh I6OsAnPmUDzfjVa1rVvPHvs=">AAAB63icbVBNS8NAEN3Ur1q/q h69LBbBU0mqoMeCF48V7Ae0oWy2k3bp7ibsToQS+he8eFDEq3/I m//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT 7p2CgxHNo8kpHpBcyCFBraKFBCLzbAVCChG0zvcr/7BMaKSD/iL AZfsbEWoeAMc2kAyIbVmlt3F6DrxCtIjRRoDatfg1HEEwUauWTW 9j03Rj9lBgWXMK8MEgsx41M2hn5GNVNg/XRx65xeZMqIhpHJSiN dqL8nUqasnakg61QMJ3bVy8X/vH6C4a2fCh0nCJovF4WJpBjR/H E6EgY4yllGGDciu5XyCTOMYxZPJQvBW315nXQade+q3ni4rjVpE UeZnJFzckk8ckOa5J60SJtwMiHP5JW8Ocp5cd6dj2VrySlmTskf OJ8//+eOGg==</latexit>
a
<latexit sha1 _base64="KRKwyXUtEvutNvkeZ UfGqRTF1zQ=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipSQflilt1FyDrxMtJBXI0BuW v/jBmaYTSMEG17nluYvyMKsOZw Fmpn2pMKJvQEfYslTRC7WeLQ2 fkwipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDWz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m5INwVt9eZ20 a1XvqlprXlfqJI+jCGdwDpfgw Q3U4R4a0AIGCM/wCm/Oo/PivDs fy9aCk8+cwh84nz+6cYzH</la texit>
Int
<latexit sha1_base64="XDCo HSLKgh+RgE0vUntXcLjjcY4=">AAAB83icbVDLSgMxFL1TX7W+q m4EN8EiuCozVdBlwY3uKtgHdIaSSTNtaJIZkoxQhv6GGxeKuPVn 3Pk3ZtpZaOuBwOGce7knJ0w408Z1v53S2vrG5lZ5u7Kzu7d/UD 086ug4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTm5zv/tElWaxf DTThAYCjySLGMHGSr4vsBkrkd1LMxtUa27dnQOtEq8gNSjQGlS/ /GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iCbZ56 hc6sMURQr+6RBc/X3RoaF1lMR2sk8o172cvE/r5+a6CbImExSQy VZHIpSjkyM8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKuk06 t5lvfFwVWueFHWU4RTO4AI8uIYm3EEL2kAggWd4hTcndV6cd+dj MVpyip1j+APn8wd24ZHU</latexit>
!Int
<latexit sha1_base64="8cnD krAWRdnw8+gsb8OGvDIbEgc=">AAAB+HicbVBNS8NAFHypX7V+N OpF8LJaBE8lqYIeC170VsHaQhvKZrtpl242YXcj1JBf4sWDIl79 Kd78N27aHLR1YGGYeY83O37MmdKO822VVlbX1jfKm5Wt7Z3dqr 23/6CiRBLaJhGPZNfHinImaFszzWk3lhSHPqcdf3Kd+51HKhWLx L2extQL8UiwgBGsjTSwq/0Q67EM0/Q4uxU6G9g1p+7MgJaJW5Aa FGgN7K/+MCJJSIUmHCvVc51YeymWmhFOs0o/UTTGZIJHtGeowCF VXjoLnqFTowxREEnzhEYz9fdGikOlpqFvJvOYatHLxf+8XqKDKy 9lIk40FWR+KEg40hHKW0BDJinRfGoIJpKZrIiMscREm64qpgR38 cvL5KFRd8/rjbuLWvOwqKMMR3ACZ+DCJTThBlrQBgIJPMMrvFlP 1ov1bn3MR0tWsXMAf2B9/gAXNpM8</latexit>
!Int
<latexit sha1_base64="8cnD krAWRdnw8+gsb8OGvDIbEgc=">AAAB+HicbVBNS8NAFHypX7V+N OpF8LJaBE8lqYIeC170VsHaQhvKZrtpl242YXcj1JBf4sWDIl79 Kd78N27aHLR1YGGYeY83O37MmdKO822VVlbX1jfKm5Wt7Z3dqr 23/6CiRBLaJhGPZNfHinImaFszzWk3lhSHPqcdf3Kd+51HKhWLx L2extQL8UiwgBGsjTSwq/0Q67EM0/Q4uxU6G9g1p+7MgJaJW5Aa FGgN7K/+MCJJSIUmHCvVc51YeymWmhFOs0o/UTTGZIJHtGeowCF VXjoLnqFTowxREEnzhEYz9fdGikOlpqFvJvOYatHLxf+8XqKDKy 9lIk40FWR+KEg40hHKW0BDJinRfGoIJpKZrIiMscREm64qpgR38 cvL5KFRd8/rjbuLWvOwqKMMR3ACZ+DCJTThBlrQBgIJPMMrvFlP 1ov1bn3MR0tWsXMAf2B9/gAXNpM8</latexit>
!Int
<latexit sha1_base64="8cnD krAWRdnw8+gsb8OGvDIbEgc=">AAAB+HicbVBNS8NAFHypX7V+N OpF8LJaBE8lqYIeC170VsHaQhvKZrtpl242YXcj1JBf4sWDIl79 Kd78N27aHLR1YGGYeY83O37MmdKO822VVlbX1jfKm5Wt7Z3dqr 23/6CiRBLaJhGPZNfHinImaFszzWk3lhSHPqcdf3Kd+51HKhWLx L2extQL8UiwgBGsjTSwq/0Q67EM0/Q4uxU6G9g1p+7MgJaJW5Aa FGgN7K/+MCJJSIUmHCvVc51YeymWmhFOs0o/UTTGZIJHtGeowCF VXjoLnqFTowxREEnzhEYz9fdGikOlpqFvJvOYatHLxf+8XqKDKy 9lIk40FWR+KEg40hHKW0BDJinRfGoIJpKZrIiMscREm64qpgR38 cvL5KFRd8/rjbuLWvOwqKMMR3ACZ+DCJTThBlrQBgIJPMMrvFlP 1ov1bn3MR0tWsXMAf2B9/gAXNpM8</latexit>
!Int
<latexit sha1_base64="8cnD krAWRdnw8+gsb8OGvDIbEgc=">AAAB+HicbVBNS8NAFHypX7V+N OpF8LJaBE8lqYIeC170VsHaQhvKZrtpl242YXcj1JBf4sWDIl79 Kd78N27aHLR1YGGYeY83O37MmdKO822VVlbX1jfKm5Wt7Z3dqr 23/6CiRBLaJhGPZNfHinImaFszzWk3lhSHPqcdf3Kd+51HKhWLx L2extQL8UiwgBGsjTSwq/0Q67EM0/Q4uxU6G9g1p+7MgJaJW5Aa FGgN7K/+MCJJSIUmHCvVc51YeymWmhFOs0o/UTTGZIJHtGeowCF VXjoLnqFTowxREEnzhEYz9fdGikOlpqFvJvOYatHLxf+8XqKDKy 9lIk40FWR+KEg40hHKW0BDJinRfGoIJpKZrIiMscREm64qpgR38 cvL5KFRd8/rjbuLWvOwqKMMR3ACZ+DCJTThBlrQBgIJPMMrvFlP 1ov1bn3MR0tWsXMAf2B9/gAXNpM8</latexit> !Int
<latexit sha1_base64="8cnD krAWRdnw8+gsb8OGvDIbEgc=">AAAB+HicbVBNS8NAFHypX7V+N OpF8LJaBE8lqYIeC170VsHaQhvKZrtpl242YXcj1JBf4sWDIl79 Kd78N27aHLR1YGGYeY83O37MmdKO822VVlbX1jfKm5Wt7Z3dqr 23/6CiRBLaJhGPZNfHinImaFszzWk3lhSHPqcdf3Kd+51HKhWLx L2extQL8UiwgBGsjTSwq/0Q67EM0/Q4uxU6G9g1p+7MgJaJW5Aa FGgN7K/+MCJJSIUmHCvVc51YeymWmhFOs0o/UTTGZIJHtGeowCF VXjoLnqFTowxREEnzhEYz9fdGikOlpqFvJvOYatHLxf+8XqKDKy 9lIk40FWR+KEg40hHKW0BDJinRfGoIJpKZrIiMscREm64qpgR38 cvL5KFRd8/rjbuLWvOwqKMMR3ACZ+DCJTThBlrQBgIJPMMrvFlP 1ov1bn3MR0tWsXMAf2B9/gAXNpM8</latexit>
!Int
<latexit sha1_base64="8cnD krAWRdnw8+gsb8OGvDIbEgc=">AAAB+HicbVBNS8NAFHypX7V+N OpF8LJaBE8lqYIeC170VsHaQhvKZrtpl242YXcj1JBf4sWDIl79 Kd78N27aHLR1YGGYeY83O37MmdKO822VVlbX1jfKm5Wt7Z3dqr 23/6CiRBLaJhGPZNfHinImaFszzWk3lhSHPqcdf3Kd+51HKhWLx L2extQL8UiwgBGsjTSwq/0Q67EM0/Q4uxU6G9g1p+7MgJaJW5Aa FGgN7K/+MCJJSIUmHCvVc51YeymWmhFOs0o/UTTGZIJHtGeowCF VXjoLnqFTowxREEnzhEYz9fdGikOlpqFvJvOYatHLxf+8XqKDKy 9lIk40FWR+KEg40hHKW0BDJinRfGoIJpKZrIiMscREm64qpgR38 cvL5KFRd8/rjbuLWvOwqKMMR3ACZ+DCJTThBlrQBgIJPMMrvFlP 1ov1bn3MR0tWsXMAf2B9/gAXNpM8</latexit>
!Int
<latexit sha1 _base64="8cnDkrAWRdnw8+gsb 8OGvDIbEgc=">AAAB+HicbVBN S8NAFHypX7V+NOpF8LJaBE8lq YIeC170VsHaQhvKZrtpl242YXc j1JBf4sWDIl79Kd78N27aHLR1 YGGYeY83O37MmdKO822VVlbX1j fKm5Wt7Z3dqr23/6CiRBLaJhG PZNfHinImaFszzWk3lhSHPqcdf 3Kd+51HKhWLxL2extQL8UiwgB GsjTSwq/0Q67EM0/Q4uxU6G9g 1p+7MgJaJW5AaFGgN7K/+MCJJS IUmHCvVc51YeymWmhFOs0o/UT TGZIJHtGeowCFVXjoLnqFTowxR EEnzhEYz9fdGikOlpqFvJvOYa tHLxf+8XqKDKy9lIk40FWR+KEg 40hHKW0BDJinRfGoIJpKZrIiM scREm64qpgR38cvL5KFRd8/rj buLWvOwqKMMR3ACZ+DCJTThBlr QBgIJPMMrvFlP1ov1bn3MR0tW sXMAf2B9/gAXNpM8</latexit>
!Int
<latexit sha1 _base64="8cnDkrAWRdnw8+gsb 8OGvDIbEgc=">AAAB+HicbVBN S8NAFHypX7V+NOpF8LJaBE8lq YIeC170VsHaQhvKZrtpl242YXc j1JBf4sWDIl79Kd78N27aHLR1 YGGYeY83O37MmdKO822VVlbX1j fKm5Wt7Z3dqr23/6CiRBLaJhG PZNfHinImaFszzWk3lhSHPqcdf 3Kd+51HKhWLxL2extQL8UiwgB GsjTSwq/0Q67EM0/Q4uxU6G9g 1p+7MgJaJW5AaFGgN7K/+MCJJS IUmHCvVc51YeymWmhFOs0o/UT TGZIJHtGeowCFVXjoLnqFTowxR EEnzhEYz9fdGikOlpqFvJvOYa tHLxf+8XqKDKy9lIk40FWR+KEg 40hHKW0BDJinRfGoIJpKZrIiM scREm64qpgR38cvL5KFRd8/rj buLWvOwqKMMR3ACZ+DCJTThBlr QBgIJPMMrvFlP1ov1bn3MR0tW sXMAf2B9/gAXNpM8</latexit>
Cell
<latexit sha1_base64="pvkI JE+mxvfQnxaTk5CI5LL3S8Q=">AAAB9HicbVDLSgMxFL1TX7W+q m4EN8EiuCozVdBloRuXFewD2qFk0kwbmmTGJFMoQ7/DjQtF3Pox 7vwbM+0stPVA4HDOvdyTE8ScaeO6305hY3Nre6e4W9rbPzg8Kh +ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJo3M70yp0iySj 2YWU1/gkWQhI9hYye8LbMZKpA3K+XxQrrhVdwG0TrycVCBHc1D+ 6g8jkggqDeFY657nxsZPsTKMcDov9RNNY0wmeER7lkosqPbTReg 5urTKEIWRsk8atFB/b6RYaD0TgZ3MQupVLxP/83qJCe/8lMk4MV SS5aEw4chEKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5N2r epdV2sPN5X6WV5HEc7hAq7Ag1uowz00oQUEnuAZXuHNmTovzrvz sRwtOPnOKfyB8/kDIXKSMw==</latexit>
!Int
<latexit sha1_base64="8cnD krAWRdnw8+gsb8OGvDIbEgc=">AAAB+HicbVBNS8NAFHypX7V+N OpF8LJaBE8lqYIeC170VsHaQhvKZrtpl242YXcj1JBf4sWDIl79 Kd78N27aHLR1YGGYeY83O37MmdKO822VVlbX1jfKm5Wt7Z3dqr 23/6CiRBLaJhGPZNfHinImaFszzWk3lhSHPqcdf3Kd+51HKhWLx L2extQL8UiwgBGsjTSwq/0Q67EM0/Q4uxU6G9g1p+7MgJaJW5Aa FGgN7K/+MCJJSIUmHCvVc51YeymWmhFOs0o/UTTGZIJHtGeowCF VXjoLnqFTowxREEnzhEYz9fdGikOlpqFvJvOYatHLxf+8XqKDKy 9lIk40FWR+KEg40hHKW0BDJinRfGoIJpKZrIiMscREm64qpgR38 cvL5KFRd8/rjbuLWvOwqKMMR3ACZ+DCJTThBlrQBgIJPMMrvFlP 1ov1bn3MR0tWsXMAf2B9/gAXNpM8</latexit>
r
<latexit sha1_base64="MGYv qdsDx04M0mCioUDqd5bJQoE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG1 7nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1XvqlprXlfqJ I+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84 nz/UNYzY</latexit>
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=
…
=
…
… =
…
…
…
Figure 5 Conventions for multiple nodes and edges
guide sub-graph copying. These infrastructure nodes are conceptually derived from
linear logic and the Geometry of Interaction (GoI) interpretation of proofs in linear
logic, particularly as used in abstract token machines for GoI. The connection of edges
via nodes must satisfies the typings in Fig. 4.
When drawing graphs, certain diagrammatic conventions are employed. Links are
not represented explicitly and their labels are only shown when they are not obvious.
An edge with a bar at its tail represents zero or more links, while a double-stroke
edge represents a bunch of the same nodes and links in parallel (Fig. 5).
Definition 3.1 (Evaluation tokens). For any graph G, the state of an evaluation token
(e, d, f ,S,B) consists of a link e ∈ LinkG indicating the token position, a direction d, a
rewrite flag f, a computation stack S and a box stack B with
d ::= ↑ | ↓
f ::=  | λ | if | C | ! | µ | m | p | l(i) | a(b, i) | r(i) | sp | s
S ::=  | ? : S | (λ,−) : S | (n,−) : S | (n, g) : S | (n, i) : S | ((),−) : S | if0 : S | if1 : S
B ::=  | r : B
where i ∈ LinkG.
In the definition above e denotes the current position of the token. The rewrite flag
determines the possible graph rewriting. The computation stack tracks the intermediate
results of the evaluation and the box stack tracks duplication of values. Together the
two stacks guide the transition of token. We call (λ,−), (n, x) and ((),−) token values
where the second part indicates whether it is a cell or parameters (x ∈ LinkG with x
denoting the input link of the cell), a graph (g) or a normal value (−).
Definition 3.2 (Machine states). A machine state (G,δ, P) is a triplet consisting of
a graph G, an eval token δ (hereinafter referred to as the main token) and a set of
eval tokens P (hereinafter referred to as the set of prop tokens) that are used during
propagation.
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3.3.1 Transitions
We define a binary relation on machine states called transitions (G,δ, P) 7→ (G′,δ′, P ′)
which includes normal pass and rewrite transitions. Let G [X ] mean that the hole is a
single node labelled by X . We group the transitions into pass transitions in which only
the token changes, and rewrite transitions in which the underlying graph may change.
We define a binary relation on machine states called transitions (G,δ, P) 7→ (G′,δ′, P ′),
with rules defined in this section.
The pass transitions are given in Fig. 6 where by ik (respectively ok) we mean the
k-th input (output, respectively) of the hole in G []. Note that the rules are written so
that to highlight only what changes, as most of the state stays the same. For example,
in the second rule (for a λ node) the direction of the token changes from up to down,
and the top of the stack changes from ? to (λ,−). To compare with a conventional
term-rewriting semantics, these pass transitions correspond to operations associated
to the search for a redex by broadening or narrowing the context.
Definition 3.3 (Graph contexts). A graph context G [] is a graph with a hole  :
Λ→ Γ inside.
The rewrite transitions are given in Fig. 7 and Fig. 8
For evaluating dataflow graphs we use a different set of tokens called prop-tokens.
Each such evaluation starts with an initial set of initial prop tokens and concludes
with a set of final prop tokens.
Definition 3.4 (Initial prop-tokens). We define the set of initial prop tokens InitP as
{(e0,↑,,? : ,), ...(en,↑,,? : ,)}
where {e0...en} is the set of outputs of all {n}-nodes in the graph.
Definition 3.5 (Final prop-tokens). We define the set of final prop tokens FinalP( ~X )
as
{(e0,↓,,X0 : ,)...(en,↓,,Xn : ,)}
where {e0...en} is the set of outputs of all {n}-nodes in the graph, ~X = {X0, ...,Xn} and
X0, ...,Xn are elements of the computation stack.
When the token hits a step node, the machine switches from evaluation mode to
propagation mode.
Definition 3.6 (Mode switching). We define the following special transitions:
1. (G, (e,↑,,? : S,B),;) 7→ (G, (e,↑, sp,? : S,B), InitP) triggering the propagationwhen
e is the input of an s-node , and
2. (G, (e,↑, sp,? : S,B),FinalP( ~X )) 7→s (G′, (e,↓, s, (b,−) : S,B),;) terminating the prop-
agation as follows: for any {n}-node in G, let the return value of the eval token
sitting on its output be (n′, x), then if n 6= n′, the {n}-node is updated to {n′} in G′.
The value of b is 1 if there are updates and 0 otherwise where 1,0 ∈ Int.
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If i1 is linked to an @-node:
(G [λ], (i1,↑,,S,B),;) 7→ (G [λ], (i1,↑,λ,S,B),;)
Otherwise:
(G [λ], (i1,↑,,? : S,B),;) 7→ (G [λ], (i1,↓,, (λ,−) : S,B),;)
(G [@], (io,↑,,S,B),;) 7→ (G [@], (o1,↑,,S,B),;)
(G [@], (o1,↓,,X : S,B),;) 7→ (G [@], (o0,↑,,? : S,B),;)
(G [n], (i0,↑,,? : S,B),;) 7→ (G [n], (i0,↓,, (n,−) : S,B),;)
(G [()], (i0,↑,,? : S,B),;) 7→ (G [()], (i0,↓,, ((),−) : S,B),;)
For ω ∈ {p, d, g,m} (unary operations):
(G [ω], (i0,↑,,S,B),;) 7→ (G [ω], (o0,↑,,S,B),;)
(G [p], (o0,↓,, (m, x) : S,B),;) 7→ (G [p], (i0,↓, p, (m,−) : S,B),;)
(G [d], (o0,↓,, (m, x) : S,B),;) 7→ (G [d], (i0,↓,, (m, g) : S,B),;)
(G [r], (o0,↓,, (m, x) : S,B),;) 7→ (G [r], (i0,↓, r(x), (m, g) : S,B),;)
(G [m], (o0,↓,, (m, x) : S,B),;) 7→ (G [m], (i0,↓,m, (m, i0) : S,B),;)
For # ∈ $∪ {a, l} (binary operations):
(G [#], (i0,↑,,S,B),;) 7→ (G [#], o1,↑,,S,B),;)
(G [#], (o1,↓,,S,B),;) 7→ (G [#], (o0,↑,,? : S,B),;)
For $ (arithmetic operations):
(G [$], (o0,↓,, (a,−) : (b,−) : S,B),;) 7→ (G [$], (i0,↓, $, ($ a b,−) : S,B),;)
For when x 6= − or y 6= −:
(G [$], (o0,↓,, (a, x) : (b, y) : S,B),;) 7→ (G [$], (i0,↓, $, ($ a b, g) : S,B),;)
(G [a], (o0,↓,, (a, x) : (b, y) : S,B),;) 7→ (G [a], (i0,↓, a(b, x), ((),−) : S,B),;)
(G [l], (o0,↓,, (a, x) : (b, y) : S,B),;) 7→ (G [l], (i0,↓, l(x), (n,−) : S,B),;)
(G [if], (i0,↑,,S,B),;) 7→ (G [if], (o0,↑,,S,B),;)
(G [if], (o0,↓,, (1,−) : S,B),;) 7→ (G [if], (o1,↑, if ,? : S,B),;)
(G [if], (o0,↓,, (n 6= 1,−) : S,B),;) 7→ (G [if], (o2,↑, if,? : S,B),;)
(G [if], (o0,↓,, (1, g) : S,B),;) 7→ (G [if], (o1,↑,,? : if1 : S,B),;)
(G [if], (o1,↓,,S,B),;) 7→ (G [if], (o2,↑,,? : S,B),;)
(G [if], (o2,↓,,Y : X : if1 : S,B),;) 7→ (G [if], (i0,↓,,X : S,B),;)
(G [if], (o0,↓,, (n 6= 1, x) : S,B),;) 7→ (G [if], (o1,↑,,? : if0 : S,B),;)
(G [if], (o2,↓,,Y : X : if0 : S,B),;) 7→ (G [if], (i0,↓,,Y : S,B),;)
(G [µ], (i1,↑,,S,B),;) 7→ (G [µ], (i1,↑,µ,S,B),;)
(G [!], (i0,↑,,S,B),;) 7→ (G [!], (o0,↑, !,S,B),;)
(G [!], (o0,↓,,S,B),;) 7→ (G [!], (i0,↓,,S,B),;)
(G [D], (i0,↑,,S,B),;) 7→ (G [D], (o0,↑,,S,B),;)
(G [C], (ik,↑,,S,B),;) 7→ (G [C], (o0,↑,C ,S, ik : B),;)
(G [C], (o0,↓,,S, ik : B),;) 7→ (G [C], (ik,↓,,S,B),;)
(G [{n}], (i0,↑,,? : S,B),;) 7→ (G [{n}], (i0,↓,, (n, i0) : S,B),;)
Figure 6 Pass transitions
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 
<latexit sha1 _base64="LJnd+eo6OtQBwC7fk d492FwL+Ns=">AAAB7nicbVDL SsNAFL2pr1pfVZduBovgqiRV0 GXBjcsK9gFtKJPJTTt0MgkzE6G EfoQbF4q49Xvc+TdO2yy09cDA 4ZxzmXtPkAqujet+O6WNza3tnf JuZW//4PCoenzS0UmmGLZZIhL VC6hGwSW2DTcCe6lCGgcCu8Hkb u53n1BpnshHM03Rj+lI8ogzaq zUHQgbDemwWnPr7gJknXgFqUG B1rD6NQgTlsUoDRNU677npsbPq TKcCZxVBpnGlLIJHWHfUklj1H 6+WHdGLqwSkihR9klDFurviZzG Wk/jwCZjasZ61ZuL/3n9zES3f s5lmhmUbPlRlAliEjK/nYRcITN iagllittdCRtTRZmxDVVsCd7q yeuk06h7V/XGw3WtSYo6ynAG5 3AJHtxAE+6hBW1gMIFneIU3J3V enHfnYxktOcXMKfyB8/kDM9mP Xw==</latexit>
@
<latexit sha1 _base64="EODeSM1dpGiTeNlPb ex3j3ELD5U=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipWR+UK27VXYCsEy8nFcjRGJS /+sOYpRFKwwTVuue5ifEzqgxnA melfqoxoWxCR9izVNIItZ8tDp 2RC6sMSRgrW9KQhfp7IqOR1tMo sJ0RNWO96s3F/7xeasJbP+MyS Q1KtlwUpoKYmMy/JkOukBkxtYQ yxe2thI2poszYbEo2BG/15XXS rlW9q2qteV2pkzyOIpzBOVyCB zdQh3toQAsYIDzDK7w5j86L8+5 8LFsLTj5zCn/gfP4AiG2Mpg== </latexit>
s
<latexit sha1_base64="l7qU FD+Ap+Lm0zOhf0IgfOIR7aE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG1 7nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1XvqlprXlfqJ I+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84 nz/VuYzZ</latexit> !
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
n
<latexit sha1_base64="qwmk CCdWplvKEzFyiMtXfVPNC8U=">AAAB83icbVDLSsNAFJ3UV62vq ks3g0VwVZIq6LLgxmUF+4AmlMnkph06mYR5CCX0N9y4UMStP+PO v3HSZqGtBwYO59zDvXPCjDOlXffbqWxsbm3vVHdre/sHh0f145 OeSo2k0KUpT+UgJAo4E9DVTHMYZBJIEnLoh9O7wu8/gVQsFY96l kGQkLFgMaNEW8n3jYhAFmEsRvWG23QXwOvEK0kDleiM6l9+lFKT gNCUE6WGnpvpICdSM8phXvONgozQKRnD0FJBElBBvrh5ji+sEuE 4lfYJjRfq70ROEqVmSWgnE6InatUrxP+8odHxbZAzkRkNgi4XxY ZjneKiABwxCVTzmSWESmZvxXRCJKHa1lSzJXirX14nvVbTu2q2H q4bbVzWUUVn6BxdIg/doDa6Rx3URRRl6Bm9ojfHOC/Ou/OxHK04 ZeYU/YHz+QPzxpGE</latexit>
", , S,B
<latexit sha1 _base64="scJGjHabjNsKSsyQO bEnogJgvoU=">AAAB/XicbVDL SgMxFM34rPU1PhaCm2ARXJQyU wVdFt24rGgf0BlKJpNpQzPJkGS UOhR/xY0LRdz6H+78G9N2Ftp6 IHA45x7uzQkSRpV2nG9rYXFpeW W1sFZc39jc2rZ3dptKpBKTBhZ MyHaAFGGUk4ammpF2IgmKA0Zaw eBq7LfuiVRU8Ds9TIgfox6nEc VIG6lr73tpgqQUD2WPmVSIyrf ly65dcirOBHCeuDkpgRz1rv3lh QKnMeEaM6RUx3US7WdIaooZGR W9VJEE4QHqkY6hHMVE+dnk+hE8 NkoIIyHN4xpO1N+JDMVKDePAT MZI99WsNxb/8zqpji78jPIk1YT j6aIoZVALOK4ChlQSrNnQEIQl NbdC3EcSYW0KK5oS3Nkvz5Nmt eKeVqo3Z6XaQV5HARyCI3ACXHA OauAa1EEDYPAInsEreLOerBfr 3fqYji5YeWYP/IH1+QOnhZSP</ latexit>
",⇤, S,B
<latexit sha1 _base64="/d5qYng6uUKikK0I+ z7ODsJYulc=">AAAB/XicbVDL SsNAFJ3UV62v+FgIbgaL4KKUp Aq6LLpxWdE+oAllMp20QyeZOA+ lhuKvuHGhiFv/w51/47TNQlsP XDiccy/33hMkjErlON9WbmFxaX klv1pYW9/Y3LK3dxqSa4FJHXP GRStAkjAak7qiipFWIgiKAkaaw eBy7DfviZCUx7dqmBA/Qr2Yhh QjZaSOvefpBAnBH0qevNNIkNJ N6aJjF52yMwGcJ25GiiBDrWN/e V2OdURihRmSsu06ifJTJBTFjI wKnpYkQXiAeqRtaIwiIv10cv0I HhmlC0MuTMUKTtTfEymKpBxGg emMkOrLWW8s/ue1tQrP/ZTGiVY kxtNFoWZQcTiOAnapIFixoSEI C2puhbiPBMLKBFYwIbizL8+TR qXsnpQr16fF6n4WRx4cgENwDFx wBqrgCtRAHWDwCJ7BK3iznqwX 6936mLbmrGxmF/yB9fkD8YyUvw ==</latexit>
#, s, (n, ) : S,B
<latexit sha1_base64="SGBW JAMJtAkMbV4GCvHzZclgWaM=">AAACCnicbVDLSgMxFM3UV62vq hvBTbQIFcYyUwXFVdGNy4r2Ae1QMplMG5rJDEnGUkrXbvwVNy4U cesXuPNvzLSz0NYDgcM595F73IhRqSzr28gsLC4tr2RXc2vrG5 tb+e2dugxjgUkNhywUTRdJwignNUUVI81IEBS4jDTc/nXiNx6Ik DTk92oYESdAXU59ipHSUid/0PbCAUdChANTmsV2zD0ikmGQmyfH l3fmVSdfsErWBHCe2CkpgBTVTv5Lz8RxQLjCDEnZsq1IOSMkFMW MjHPtWJII4T7qkpamHAVEOqPJKWN4pBUP+qHQjys4UX93jFAg5T BwdWWAVE/Oeon4n9eKlX/hjCiPYkU4ni7yYwZVCJNcoEcFwYoNN UFYUP1XiHtIIKx0ejkdgj178jypl0v2aal8e1ao7KVxZME+OARF YINzUAE3oApqAINH8AxewZvxZLwY78bHtDRjpD274A+Mzx9EK5 ku</latexit>
#,⇤, (n, ) : S,B
<latexit sha1_base64="sgZf 9P9AFoLOI6T4YN9iAEqNX+0=">AAACEHicbVDLTgIxFO3gC/GFu jFx00iMmCCZQRONK6IblxjlkQAhnXKBhk5nbDsSQvgEN/6KGxca 49alO//GDsxC0ZM0OTnnPnqPG3CmtG1/WYm5+YXFpeRyamV1bX 0jvblVUX4oKZSpz31Zc4kCzgSUNdMcaoEE4rkcqm7/MvKr9yAV8 8WtHgbQ9EhXsA6jRBuplT5otP2BIFL6g1xD3YVEQi7bCEUbZDQS i9zR4flN7qKVzth5ewL8lzgxyaAYpVb600ymoQdCU06Uqjt2oJs jIjWjHMapRqggILRPulA3VBAPVHM0OWiM943Sxh1fmic0nqg/O0 bEU2rouabSI7qnZr1I/M+rh7pz1hwxEYQaBJ0u6oQcax9H6eA2k 0A1HxpCqGTmr5j2iCRUmwxTJgRn9uS/pFLIO8f5wvVJprgTx5FE u2gPZZGDTlERXaESKiOKHtATekGv1qP1bL1Z79PShBX3bKNfsD 6+ATxQm+Q=</latexit>
#, p, (n, x) : S,B
<latexit sha1 _base64="dlWm2zdIWx4z8salL 68C4qEqNLo=">AAACC3icbVDL SgMxFM3UV62vUTeCm9AiVChlp gqKq6IblxXtA9qhZNK0Dc0kQ5K xltK9G3/FjQtF3PoD7vwbM+0s tPVA4HDOfeQeP2RUacf5tlJLyy ura+n1zMbm1vaOvbtXUyKSmFS xYEI2fKQIo5xUNdWMNEJJUOAzU vcHV7FfvydSUcHv9CgkXoB6nH YpRtpIbTvb6oghR1KKYSEs5Fs R7xAZD4O8AB+OL24Ll2075xSdK eAicROSAwkqbfvLDMVRQLjGDC nVdJ1Qe2MkNcWMTDKtSJEQ4QHq kaahHAVEeePpLRN4ZJQO7AppH tdwqv7uGKNAqVHgm8oA6b6a92L xP68Z6e65N6Y8jDTheLaoGzGo BYyDgR0qCdZsZAjCkpq/QtxHE mFt4suYENz5kxdJrVR0T4qlm9N c+SCJIw0OQRbkgQvOQBlcgwqo AgwewTN4BW/Wk/VivVsfs9KUlf Tsgz+wPn8AEyCZoA==</latex it>
#,⇤, (n, ) : S,B
<latexit sha1 _base64="jDsqEvZVH4Kci1LIC OI02rmgHUY=">AAACEXicbVBN SwJBGJ61L7Mvq0vQZUgCA5NdC 4pOUpeORvkBKjI7vurg7Ow2M5u I+Be69Fe6dCiia7du/ZtmdQ+l PTDw8Dzvx7yPG3CmtG1/W4mFxa XlleRqam19Y3Mrvb1TUX4oKZS pz31Zc4kCzgSUNdMcaoEE4rkcq m7/KvKrDyAV88WdHgbQ9EhXsA 6jRBuplc422v5AECn9Qa6h7kM iIZdthKINMhqJRQ4fH13c5i5b6 YydtyfA88SJSQbFKLXSX2Y0DT 0QmnKiVN2xA90cEakZ5TBONUIF AaF90oW6oYJ4oJqjyUVjfGiUN u740jyh8UT93TEinlJDzzWVHtE 9NetF4n9ePdSd8+aIiSDUIOh0 USfkWPs4ige3mQSq+dAQQiUzf 8W0RySh2oSYMiE4syfPk0oh75z kCzenmeJeHEcS7aMDlEUOOkNF dI1KqIwoekTP6BW9WU/Wi/VufU xLE1bcs4v+wPr8AZ9nnA4=</l atexit>
!
<latexit sha1 _base64="7bD4DOjZGCiApKOAR e6s9kkcjGo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69rBbBU0mqo MeCF48t2FpoQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCoreNUMWyxWMS qE1CNgktsGW4EdhKFNAoEPgTj2 5n/8IRK81jem0mCfkSHkoecUW Ol5mm/XHGr7hxklXg5qUCORr/ 81RvELI1QGiao1l3PTYyfUWU4E zgt9VKNCWVjOsSupZJGqP1sfu iUnFtlQMJY2ZKGzNXfExmNtJ5E ge2MqBnpZW8m/ud1UxPe+BmXS WpQssWiMBXExGT2NRlwhcyIiSW UKW5vJWxEFWXGZlOyIXjLL6+S dq3qXVZrzatKneRxFOEEzuACP LiGOtxBA1rAAOEZXuHNeXRenHf nY9FacPKZY/gD5/MHWXGMhw== </latexit>
n
<latexit sha1 _base64="qwmkCCdWplvKEzFyi MtXfVPNC8U=">AAAB83icbVDL SsNAFJ3UV62vqks3g0VwVZIq6 LLgxmUF+4AmlMnkph06mYR5CCX 0N9y4UMStP+POv3HSZqGtBwYO 59zDvXPCjDOlXffbqWxsbm3vVH dre/sHh0f145OeSo2k0KUpT+U gJAo4E9DVTHMYZBJIEnLoh9O7w u8/gVQsFY96lkGQkLFgMaNEW8 n3jYhAFmEsRvWG23QXwOvEK0k DleiM6l9+lFKTgNCUE6WGnpvpI CdSM8phXvONgozQKRnD0FJBEl BBvrh5ji+sEuE4lfYJjRfq70RO EqVmSWgnE6InatUrxP+8odHxb ZAzkRkNgi4XxYZjneKiABwxCVT zmSWESmZvxXRCJKHa1lSzJXir X14nvVbTu2q2Hq4bbVzWUUVn6 BxdIg/doDa6Rx3URRRl6Bm9ojf HOC/Ou/OxHK04ZeYU/YHz+QPz xpGE</latexit>
p
<latexit sha1 _base64="iPTQc4GWN4Ze5khPi uuvqg80POI=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipmQzKFbfqLkDWiZeTCuRoDMp f/WHM0gilYYJq3fPcxPgZVYYzg bNSP9WYUDahI+xZKmmE2s8Wh8 7IhVWGJIyVLWnIQv09kdFI62kU 2M6ImrFe9ebif14vNeGtn3GZp AYlWy4KU0FMTOZfkyFXyIyYWkK Z4vZWwsZUUWZsNiUbgrf68jpp 16reVbXWvK7USR5HEc7gHC7Bg xuowz00oAUMEJ7hFd6cR+fFeXc +lq0FJ585hT9wPn8A0S2M1g== </latexit> C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
m
<latexit sha1_base64="SCiH xsF35CnyMeIpKKgzqwMIS9I=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3a3STsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJ3dzvPKHSPI4ez DRBX9JRxEPOqLFSUw7KFbfqLkDWiZeTCuRoDMpf/WHMUomRYYJq 3fPcxPgZVYYzgbNSP9WYUDahI+xZGlGJ2s8Wh87IhVWGJIyVrci Qhfp7IqNS66kMbKekZqxXvbn4n9dLTXjrZzxKUoMRWy4KU0FMTO ZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWvK7US R5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9w Pn8AzKGM0w==</latexit>
{n}
<latexit sha1_base64="Xefs vhPirC/uKVcTKaU7lR0G9y4=">AAAB+XicbVDLSsNAFL2pr1pfU TeCm8EiuCpJFXRZcOOygn1AE8pkMmmHTiZhZlIooX/ixoUibv0T d/6NkzYLbT1w4XDOvTP3niDlTGnH+bYqG5tb2zvV3dre/sHhkX 180lVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkv/N6USsUS8 aRnKfVjPBIsYgRrIw1t28u9TIRUFg8g4c2Hdt1pOAugdeKWpA4l 2kP7ywsTksVUaMKxUgPXSbWfY6kZ4XRe8zJFU0wmeEQHhgocU+X ni83n6NIoIYoSaUpotFB/T+Q4VmoWB6YzxnqsVr1C/M8bZDq683 Mm0kxTQZYfRRlHOkFFDChkkhLNZ4ZgIpnZFZExlphoE1bNhOCun rxOus2Ge91oPt7UW2dlHFU4hwu4AhduoQUP0IYOEJjCM7zCm5Vb L9a79bFsrVjlzCn8gfX5A6H8k4U=</latexit>
#,m, (n, x) : S,B
<latexit sha1_base64="o8W2 pHxiyaI8YtMSuFj+guoZ0gM=">AAACC3icbVDLSgMxFM3UV62vU TeCm9AiVChlpgqKq6IblxXtA9qhZNK0Dc0kQ5KxltK9G3/FjQtF 3PoD7vwbM+0stPVA4HDOfeQeP2RUacf5tlJLyyura+n1zMbm1v aOvbtXUyKSmFSxYEI2fKQIo5xUNdWMNEJJUOAzUvcHV7FfvydSU cHv9CgkXoB6nHYpRtpIbTvb6oghR1KKYSEo5FsR7xAZD4O8AB+O L24Ll2075xSdKeAicROSAwkqbfvLDMVRQLjGDCnVdJ1Qe2MkNcW MTDKtSJEQ4QHqkaahHAVEeePpLRN4ZJQO7AppHtdwqv7uGKNAqV Hgm8oA6b6a92LxP68Z6e65N6Y8jDTheLaoGzGoBYyDgR0qCdZsZ AjCkpq/QtxHEmFt4suYENz5kxdJrVR0T4qlm9Nc+SCJIw0OQRbk gQvOQBlcgwqoAgwewTN4BW/Wk/VivVsfs9KUlfTsgz+wPn8ADl KZnQ==</latexit>
#,⇤, (n, x) : S,B
<latexit sha1_base64="b6eS f46Q5iSmY2SarVeqpg72fds=">AAACEXicbVDLSgMxFM3UV62vq hvBTbAIFUqZqYLiqujGZUX7gE4pmfS2Dc1kxiRjLUN/wY2/4saF Im7dufNvTB8LbT0QOJxzH7nHCzlT2ra/rcTC4tLySnI1tba+sb mV3t6pqCCSFMo04IGseUQBZwLKmmkOtVAC8T0OVa93OfKr9yAVC 8StHoTQ8ElHsDajRBupmc66raAviJRBP+equ4hIyGXdSLRAjkZi kcMPR+c3uYtmOmPn7THwPHGmJIOmKDXTX2Y0jXwQmnKiVN2xQ92 IidSMchim3EhBSGiPdKBuqCA+qEY8vmiID43Swu1Amic0Hqu/O2 LiKzXwPVPpE91Vs95I/M+rR7p91oiZCCMNgk4WtSOOdYBH8eAWk 0A1HxhCqGTmr5h2iSRUmxBTJgRn9uR5UinkneN84fokU9ybxpFE ++gAZZGDTlERXaESKiOKHtEzekVv1pP1Yr1bH5PShDXt2UV/YH 3+ABKZnFk=</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
n
<latexit sha1_base64="qwmk CCdWplvKEzFyiMtXfVPNC8U=">AAAB83icbVDLSsNAFJ3UV62vq ks3g0VwVZIq6LLgxmUF+4AmlMnkph06mYR5CCX0N9y4UMStP+PO v3HSZqGtBwYO59zDvXPCjDOlXffbqWxsbm3vVHdre/sHh0f145 OeSo2k0KUpT+UgJAo4E9DVTHMYZBJIEnLoh9O7wu8/gVQsFY96l kGQkLFgMaNEW8n3jYhAFmEsRvWG23QXwOvEK0kDleiM6l9+lFKT gNCUE6WGnpvpICdSM8phXvONgozQKRnD0FJBElBBvrh5ji+sEuE 4lfYJjRfq70ROEqVmSWgnE6InatUrxP+8odHxbZAzkRkNgi4XxY ZjneKiABwxCVTzmSWESmZvxXRCJKHa1lSzJXirX14nvVbTu2q2H q4bbVzWUUVn6BxdIg/doDa6Rx3URRRl6Bm9ojfHOC/Ou/OxHK04 ZeYU/YHz+QPzxpGE</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
#,⇤, (n, ) : S,B
<latexit sha1 _base64="zkAxKpAMzxe8/whqt 38IfiDgr5E=">AAACEnicbVDL SgMxFM3UV62vUTeCm2ARWqhlp gqKq6IblxXtA9pSMultDc1kxiR jKUO/wY2/4saFIm5dufNvTB8L bT0QOJxzH7nHCzlT2nG+rcTC4t LySnI1tba+sbllb+9UVBBJCmU a8EDWPKKAMwFlzTSHWiiB+B6Hq te7HPnVB5CKBeJWD0Jo+qQrWI dRoo3UsrONdtAXRMqgn4sb6j4 iEoa5TCMSbZCjoVjkjrLnN7mLl p128s4YeJ64U5JGU5Ra9peZTS MfhKacKFV3nVA3YyI1oxyGqUak ICS0R7pQN1QQH1QzHp80xIdGa eNOIM0TGo/V3x0x8ZUa+J6p9Im +U7PeSPzPq0e6c9aMmQgjDYJO FnUijnWAR/ngNpNANR8YQqhk5 q+Y3hFJqDYppkwI7uzJ86RSyLv H+cL1Sbq4N40jifbRAcogF52i IrpCJVRGFD2iZ/SK3qwn68V6tz 4mpQlr2rOL/sD6/AEi4Zzw</l atexit>
#,⇤, (n, g) : S,B
<latexit sha1_base64="MBT/ VuLVfvKI8Om3VzbsCYPhFNM=">AAACEHicbVBNSwJBGJ61L7Mvq 0vQZUgiA5FdC4pOUpeORvkBrsjs+KqDs7PbzGwi4k/o0l/p0qGI rh279W+aVQ+lPTDw8Dzvx7yPF3KmtG1/W4mFxaXlleRqam19Y3 Mrvb1TUUEkKZRpwANZ84gCzgSUNdMcaqEE4nscql7vKvarDyAVC 8SdHoTQ8ElHsDajRBupmT5yW0FfECmDfs5V9xGRkMu6kWiBjEdi kescX9zmLpvpjJ23x8DzxJmSDJqi1Ex/mck08kFoyolSdccOdWN IpGaUwyjlRgpCQnukA3VDBfFBNYbjg0b40Cgt3A6keULjsfq7Y0 h8pQa+Zyp9ortq1ovF/7x6pNvnjSETYaRB0MmidsSxDnCcDm4xC VTzgSGESmb+immXSEK1yTBlQnBmT54nlULeOckXbk4zxb1pHEm0 jw5QFjnoDBXRNSqhMqLoET2jV/RmPVkv1rv1MSlNWNOeXfQH1u cPlVqcHg==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
x
<latexit sha1_base64="enw1 WACZT3mACjkE0CqTdOhvtH8=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6 Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UD w8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lv Rkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGC at3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JedW6ZMwVra kIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxM Rk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WrU vUkiyMPp3AGF+DBNVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzD HzifP9rljNY=</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
l
<latexit sha1_base64="L3w3 6hKZEf3CPUHXd8crJ2oG19k=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG1 7nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1XvqlprXlfqJ I+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84 nz/LHYzS</latexit>
#,⇤, ((), ) : S,B
<latexit sha1_base64="yqAX ryogLgxlTVXcD/7I/xkdckw=">AAACE3icbVDLTgIxFO3gC/GFu jFx00hMwCCZQRONK6IblxjlkQAhnXKBhk5nbDsSMuEf3Pgrblxo jFs37vwby2Oh4EmanJxzH73HDThT2ra/rdjC4tLySnw1sba+sb mV3N4pKz+UFErU576sukQBZwJKmmkO1UAC8VwOFbd3NfIrDyAV8 8WdHgTQ8EhHsDajRBupmTyqt/y+IFL6/WxUV/chkTDMpuuhaIEc DcXpTPY4c3GbvWwmU3bOHgPPE2dKUmiKYjP5ZYbT0AOhKSdK1Rw 70I2ISM0oh2GiHioICO2RDtQMFcQD1YjGNw3xoVFauO1L84TGY/ V3R0Q8pQaeayo9ortq1huJ/3m1ULfPGxETQahB0Mmidsix9vEoI NxiEqjmA0MIlcz8FdMukYRqE2PChODMnjxPyvmcc5LL35ymCnvT OOJoHx2gNHLQGSqga1REJUTRI3pGr+jNerJerHfrY1Ias6Y9u+ gPrM8fKIOc3Q==</latexit>
()
<latexit sha1_base64="Jsdndm8LHo00H+ MdK7j7c46DUsk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2WmCrosuHFZwT6gHUsmvW1 DM5khyShl6H+4caGIW//FnX9j2s5CWw8EDufcw705QSy4Nq777eTW1jc2t/LbhZ3dvf2D4u FRU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXjm5nfekSleSTvzSRGP6RDyQecUWOlh24i+6 hm4bR8Pu0VS27FnYOsEi8jJchQ7xW/uv2IJSFKwwTVuuO5sfFTqgxnAqeFbqIxpmxMh9ixV NIQtZ/Or56SM6v0ySBS9klD5urvREpDrSdhYCdDakZ62ZuJ/3mdxAyu/ZTLODEo2WLRIBHE RGRWAelzhcyIiSWUKW5vJWxEFWXGFlWwJXjLX14lzWrFu6hU7y5LNZLVkYcTOIUyeHAFNbi FOjSAgYJneIU358l5cd6dj8Vozskyx/AHzucPY1SSUw==</latexit>
{n}
<latexit sha1_base64="Xefs vhPirC/uKVcTKaU7lR0G9y4=">AAAB+XicbVDLSsNAFL2pr1pfU TeCm8EiuCpJFXRZcOOygn1AE8pkMmmHTiZhZlIooX/ixoUibv0T d/6NkzYLbT1w4XDOvTP3niDlTGnH+bYqG5tb2zvV3dre/sHhkX 180lVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkv/N6USsUS8 aRnKfVjPBIsYgRrIw1t28u9TIRUFg8g4c2Hdt1pOAugdeKWpA4l 2kP7ywsTksVUaMKxUgPXSbWfY6kZ4XRe8zJFU0wmeEQHhgocU+X ni83n6NIoIYoSaUpotFB/T+Q4VmoWB6YzxnqsVr1C/M8bZDq683 Mm0kxTQZYfRRlHOkFFDChkkhLNZ4ZgIpnZFZExlphoE1bNhOCun rxOus2Ge91oPt7UW2dlHFU4hwu4AhduoQUP0IYOEJjCM7zCm5Vb L9a79bFsrVjlzCn8gfX5A6H8k4U=</latexit>
{n}
<latexit sha1_base64="Xefs vhPirC/uKVcTKaU7lR0G9y4=">AAAB+XicbVDLSsNAFL2pr1pfU TeCm8EiuCpJFXRZcOOygn1AE8pkMmmHTiZhZlIooX/ixoUibv0T d/6NkzYLbT1w4XDOvTP3niDlTGnH+bYqG5tb2zvV3dre/sHhkX 180lVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkv/N6USsUS8 aRnKfVjPBIsYgRrIw1t28u9TIRUFg8g4c2Hdt1pOAugdeKWpA4l 2kP7ywsTksVUaMKxUgPXSbWfY6kZ4XRe8zJFU0wmeEQHhgocU+X ni83n6NIoIYoSaUpotFB/T+Q4VmoWB6YzxnqsVr1C/M8bZDq683 Mm0kxTQZYfRRlHOkFFDChkkhLNZ4ZgIpnZFZExlphoE1bNhOCun rxOus2Ge91oPt7UW2dlHFU4hwu4AhduoQUP0IYOEJjCM7zCm5Vb L9a79bFsrVjlzCn8gfX5A6H8k4U=</latexit>
x
<latexit sha1_base64="enw1 WACZT3mACjkE0CqTdOhvtH8=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6 Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UD w8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lv Rkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGC at3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JedW6ZMwVra kIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxM Rk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WrU vUkiyMPp3AGF+DBNVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzD HzifP9rljNY=</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
x
<latexit sha1 _base64="enw1WACZT3mACjkE0 CqTdOhvtH8=">AAAB6HicbVDL SgNBEOyNrxhfUS+Cl8EgeAq7U dBjwIvHBMwDkiXMTnqTMbOzy8y sGEK+wIsHRbz6Sd78GyfJHjSx oKGo6qa7K0gE18Z1v53c2vrG5l Z+u7Czu7d/UDw8auo4VQwbLBa xagdUo+ASG4Ybge1EIY0Cga1gd DvzW4+oNI/lvRkn6Ed0IHnIGT VWqj/1iiW37M5BVomXkRJkqPW KX91+zNIIpWGCat3x3MT4E6oMZ wKnhW6qMaFsRAfYsVTSCLU/mR 86JedW6ZMwVrakIXP198SERlqP o8B2RtQM9bI3E//zOqkJb/wJl 0lqULLFojAVxMRk9jXpc4XMiLE llClubyVsSBVlxmZTsCF4yy+v kmal7F2WK/WrUvUkiyMPp3AGF +DBNVThDmrQAAYIz/AKb86D8+K 8Ox+L1pyTzRzDHzifP9rljNY= </latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
#,⇤, ((), ) : S,B
<latexit sha1 _base64="yqAXryogLgxlTVXcD /7I/xkdckw=">AAACE3icbVDL TgIxFO3gC/GFujFx00hMwCCZQ RONK6IblxjlkQAhnXKBhk5nbDs SMuEf3PgrblxojFs37vwby2Oh 4EmanJxzH73HDThT2ra/rdjC4t LySnw1sba+sbmV3N4pKz+UFEr U576sukQBZwJKmmkO1UAC8VwOF bd3NfIrDyAV88WdHgTQ8EhHsD ajRBupmTyqt/y+IFL6/WxUV/c hkTDMpuuhaIEcDcXpTPY4c3Gbv WwmU3bOHgPPE2dKUmiKYjP5ZY bT0AOhKSdK1Rw70I2ISM0oh2Gi HioICO2RDtQMFcQD1YjGNw3xo VFauO1L84TGY/V3R0Q8pQaeayo 9ortq1huJ/3m1ULfPGxETQahB 0Mmidsix9vEoINxiEqjmA0MIl cz8FdMukYRqE2PChODMnjxPyvm cc5LL35ymCnvTOOJoHx2gNHLQ GSqga1REJUTRI3pGr+jNerJerH frY1Ias6Y9u+gPrM8fKIOc3Q= =</latexit>
()
<latexit sha1_base64="Jsdndm8LHo00H+ MdK7j7c46DUsk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2WmCrosuHFZwT6gHUsmvW1 DM5khyShl6H+4caGIW//FnX9j2s5CWw8EDufcw705QSy4Nq777eTW1jc2t/LbhZ3dvf2D4u FRU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXjm5nfekSleSTvzSRGP6RDyQecUWOlh24i+6 hm4bR8Pu0VS27FnYOsEi8jJchQ7xW/uv2IJSFKwwTVuuO5sfFTqgxnAqeFbqIxpmxMh9ixV NIQtZ/Or56SM6v0ySBS9klD5urvREpDrSdhYCdDakZ62ZuJ/3mdxAyu/ZTLODEo2WLRIBHE RGRWAelzhcyIiSWUKW5vJWxEFWXGFlWwJXjLX14lzWrFu6hU7y5LNZLVkYcTOIUyeHAFNbi FOjSAgYJneIU358l5cd6dj8Vozskyx/AHzucPY1SSUw==</latexit>
{n}
<latexit sha1 _base64="XefsvhPirC/uKVcTK aU7lR0G9y4=">AAAB+XicbVDL SsNAFL2pr1pfUTeCm8EiuCpJF XRZcOOygn1AE8pkMmmHTiZhZlI ooX/ixoUibv0Td/6NkzYLbT1w 4XDOvTP3niDlTGnH+bYqG5tb2z vV3dre/sHhkX180lVJJgntkIQ nsh9gRTkTtKOZ5rSfSorjgNNeM Lkv/N6USsUS8aRnKfVjPBIsYg RrIw1t28u9TIRUFg8g4c2Hdt1 pOAugdeKWpA4l2kP7ywsTksVUa MKxUgPXSbWfY6kZ4XRe8zJFU0 wmeEQHhgocU+Xni83n6NIoIYoS aUpotFB/T+Q4VmoWB6YzxnqsV r1C/M8bZDq683Mm0kxTQZYfRRl HOkFFDChkkhLNZ4ZgIpnZFZEx lphoE1bNhOCunrxOus2Ge91oP t7UW2dlHFU4hwu4AhduoQUP0IY OEJjCM7zCm5VbL9a79bFsrVjl zCn8gfX5A6H8k4U=</latexit>
x
<latexit sha1 _base64="enw1WACZT3mACjkE0 CqTdOhvtH8=">AAAB6HicbVDL SgNBEOyNrxhfUS+Cl8EgeAq7U dBjwIvHBMwDkiXMTnqTMbOzy8y sGEK+wIsHRbz6Sd78GyfJHjSx oKGo6qa7K0gE18Z1v53c2vrG5l Z+u7Czu7d/UDw8auo4VQwbLBa xagdUo+ASG4Ybge1EIY0Cga1gd DvzW4+oNI/lvRkn6Ed0IHnIGT VWqj/1iiW37M5BVomXkRJkqPW KX91+zNIIpWGCat3x3MT4E6oMZ wKnhW6qMaFsRAfYsVTSCLU/mR 86JedW6ZMwVrakIXP198SERlqP o8B2RtQM9bI3E//zOqkJb/wJl 0lqULLFojAVxMRk9jXpc4XMiLE llClubyVsSBVlxmZTsCF4yy+v kmal7F2WK/WrUvUkiyMPp3AGF +DBNVThDmrQAAYIz/AKb86D8+K 8Ox+L1pyTzRzDHzifP9rljNY= </latexit>
{m}
<latexit sha1 _base64="OeLRYW1M+32rLS307 GhLET7Z6Xc=">AAAB+XicbVDL SsNAFL2pr1pfUcGNm8EiuCpJF XRZcOOygn1AE8pkMmmHTiZhZlI ooX/ixoUibv0Td/6NkzYLbT1w 4XDOvTP3niDlTGnH+bYqG5tb2z vV3dre/sHhkX180lVJJgntkIQ nsh9gRTkTtKOZ5rSfSorjgNNeM Lkv/N6USsUS8aRnKfVjPBIsYg RrIw1t28u9TIRUFg+g2JsP7br TcBZA68QtSR1KtIf2lxcmJIup0 IRjpQauk2o/x1Izwum85mWKpp hM8IgODBU4psrPF5vP0aVRQhQl 0pTQaKH+nshxrNQsDkxnjPVYr XqF+J83yHR05+dMpJmmgiw/ijK OdIKKGFDIJCWazwzBRDKzKyJj LDHRJqyaCcFdPXmddJsN97rRf Lypt87KOKpwDhdwBS7cQgseoA0 dIDCFZ3iFNyu3Xqx362PZWrHK mVP4A+vzB5/ck4I=</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
if
<latexit sha1 _base64="cVFKnBsGJxj1VA8Zp Ca2DOnYoC0=">AAAB8nicbVDL SsNAFL2pr1pfVZduBovgqiRV0 GXBjcsK9gFtKJPppB06mYSZG6G EfoYbF4q49Wvc+TdO2iy09cDA 4Zx7mXNPkEhh0HW/ndLG5tb2Tn m3srd/cHhUPT7pmDjVjLdZLGP dC6jhUijeRoGS9xLNaRRI3g2md 7nffeLaiFg94izhfkTHSoSCUb RSfxBRnAjMRDgfVmtu3V2ArBO vIDUo0BpWvwajmKURV8gkNabvu Qn6GdUomOTzyiA1PKFsSse8b6 miETd+tog8JxdWGZEw1vYpJAv1 90ZGI2NmUWAn84hm1cvF/7x+i uGtnwmVpMgVW34UppJgTPL7yUh ozlDOLKFMC5uVsAnVlKFtqWJL 8FZPXiedRt27qjcermtNUtRRh jM4h0vw4AaacA8taAODGJ7hFd4 cdF6cd+djOVpyip1T+APn8wfB ZpF0</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
if
<latexit sha1_base64="cVFK nBsGJxj1VA8ZpCa2DOnYoC0=">AAAB8nicbVDLSsNAFL2pr1pfV ZduBovgqiRV0GXBjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc +TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT 7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94 izhfkTHSoSCUbRSfxBRnAjMRDgfVmtu3V2ArBOvIDUo0BpWvwaj mKURV8gkNabvuQn6GdUomOTzyiA1PKFsSse8b6miETd+tog8Jxd WGZEw1vYpJAv190ZGI2NmUWAn84hm1cvF/7x+iuGtnwmVpMgVW3 4UppJgTPL7yUhozlDOLKFMC5uVsAnVlKFtqWJL8FZPXiedRt27q jcermtNUtRRhjM4h0vw4AaacA8taAODGJ7hFd4cdF6cd+djOVpy ip1T+APn8wfBZpF0</latexit>
", if, S,B
<latexit sha1 _base64="49ffBu5PY965TVUI7 lpVYb1GN8s=">AAACA3icbVDL SsNAFJ34rPUVdSO6GSyCi1KSK uiy6MZlRfuAppTJdNIOnZmEmYl SQsCNv+LGhSJu/Ql3/o2TNgtt PXDhcM693HuPHzGqtON8WwuLS8 srq4W14vrG5ta2vbPbVGEsMWn gkIWy7SNFGBWkoalmpB1JgrjPS MsfXWV+655IRUNxp8cR6XI0ED SgGGkj9ewDL46QlOFDOfE40kP JExqkafm2fNmzS07FmQDOEzcnJ ZCj3rO/vH6IY06Exgwp1XGdSH cTJDXFjKRFL1YkQniEBqRjqECc qG4y+SGFx0bpwyCUpoSGE/X3R IK4UmPum87sTjXrZeJ/XifWwUU 3oSKKNRF4uiiIGdQhzAKBfSoJ 1mxsCMKSmlshHiKJsDaxFU0I7 uzL86RZrbinlerNWam2n8dRAIf gCJwAF5yDGrgGddAAGDyCZ/AK 3qwn68V6tz6mrQtWPrMH/sD6/A EnHJey</latexit>
",⇤, S,B
<latexit sha1 _base64="d7+gYvO9MDtHlQL1J dLzCb1Ueyw=">AAAB/3icbVDL SgMxFM3UV62vUUEEN8EiuChlp gq6LLpxWdE+oDOUTJppQzPJmGS UMnbhr7hxoYhbf8Odf2PazkJb D1w4nHMv994TxIwq7TjfVm5hcW l5Jb9aWFvf2Nyyt3caSiQSkzo WTMhWgBRhlJO6ppqRViwJigJGm sHgcuw374lUVPBbPYyJH6Eepy HFSBupY+95SYykFA+l1FN3CZJ kVLopXXTsolN2JoDzxM1IEWSod ewvrytwEhGuMUNKtV0n1n6KpK aYkVHBSxSJER6gHmkbylFElJ9O 7h/BI6N0YSikKa7hRP09kaJIq WEUmM4I6b6a9cbif1470eG5n1I eJ5pwPF0UJgxqAcdhwC6VBGs2 NARhSc2tEPeRRFibyAomBHf25 XnSqJTdk3Ll+rRY3c/iyIMDcAi OgQvOQBVcgRqoAwwewTN4BW/W k/VivVsf09aclc3sgj+wPn8Axb OVyw==</latexit>
", if, S,B
<latexit sha1_base64="49ff Bu5PY965TVUI7lpVYb1GN8s=">AAACA3icbVDLSsNAFJ34rPUVd SO6GSyCi1KSKuiy6MZlRfuAppTJdNIOnZmEmYlSQsCNv+LGhSJu /Ql3/o2TNgttPXDhcM693HuPHzGqtON8WwuLS8srq4W14vrG5t a2vbPbVGEsMWngkIWy7SNFGBWkoalmpB1JgrjPSMsfXWV+655IR UNxp8cR6XI0EDSgGGkj9ewDL46QlOFDOfE40kPJExqkafm2fNmz S07FmQDOEzcnJZCj3rO/vH6IY06Exgwp1XGdSHcTJDXFjKRFL1Y kQniEBqRjqECcqG4y+SGFx0bpwyCUpoSGE/X3RIK4UmPum87sTj XrZeJ/XifWwUU3oSKKNRF4uiiIGdQhzAKBfSoJ1mxsCMKSmlshH iKJsDaxFU0I7uzL86RZrbinlerNWam2n8dRAIfgCJwAF5yDGrgG ddAAGDyCZ/AK3qwn68V6tz6mrQtWPrMH/sD6/AEnHJey</late xit>
",⇤, S,B
<latexit sha1_base64="d7+g YvO9MDtHlQL1JdLzCb1Ueyw=">AAAB/3icbVDLSgMxFM3UV62vU UEEN8EiuChlpgq6LLpxWdE+oDOUTJppQzPJmGSUMnbhr7hxoYhb f8Odf2PazkJbD1w4nHMv994TxIwq7TjfVm5hcWl5Jb9aWFvf2N yyt3caSiQSkzoWTMhWgBRhlJO6ppqRViwJigJGmsHgcuw374lUV PBbPYyJH6EepyHFSBupY+95SYykFA+l1FN3CZJkVLopXXTsolN2 JoDzxM1IEWSodewvrytwEhGuMUNKtV0n1n6KpKaYkVHBSxSJER6 gHmkbylFElJ9O7h/BI6N0YSikKa7hRP09kaJIqWEUmM4I6b6a9c bif1470eG5n1IeJ5pwPF0UJgxqAcdhwC6VBGs2NARhSc2tEPeRR FibyAomBHf25XnSqJTdk3Ll+rRY3c/iyIMDcAiOgQvOQBVcgRqo AwwewTN4BW/Wk/VivVsf09aclc3sgj+wPn8AxbOVyw==</late xit>
a
<latexit sha1 _base64="KRKwyXUtEvutNvkeZ UfGqRTF1zQ=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipSQflilt1FyDrxMtJBXI0BuW v/jBmaYTSMEG17nluYvyMKsOZw Fmpn2pMKJvQEfYslTRC7WeLQ2 fkwipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDWz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m5INwVt9eZ20 a1XvqlprXlfqJI+jCGdwDpfgw Q3U4R4a0AIGCM/wCm/Oo/PivDs fy9aCk8+cwh84nz+6cYzH</la texit>
$
<latexit sha1 _base64="JQ7O+IXGKQnCywzOP 7HUyj374DU=">AAAB6XicbVBN S8NAEJ3Ur1q/qh69LFbBU0mqo MeCF49V7Ae0oWy2k3bpZhN2N0I J/QdePCji1X/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3Nre J2aWd3b/+gfHjU0nGqGDZZLGL VCahGwSU2DTcCO4lCGgUC28H4d ua3n1BpHstHM0nQj+hQ8pAzaq z00Dvrlytu1Z2DrBIvJxXI0ei Xv3qDmKURSsME1brruYnxM6oMZ wKnpV6qMaFsTIfYtVTSCLWfzS +dknOrDEgYK1vSkLn6eyKjkdaT KLCdETUjvezNxP+8bmrCGz/jM kkNSrZYFKaCmJjM3iYDrpAZMbG EMsXtrYSNqKLM2HBKNgRv+eVV 0qpVvctq7f6qUid5HEU4gVO4A A+uoQ530IAmMAjhGV7hzRk7L86 787FoLTj5zDH8gfP5Aw68jPA= </latexit>
$
<latexit sha1_base64="JQ7O +IXGKQnCywzOP7HUyj374DU=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LFbBU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz00Dvrlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME 1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dknOrDEgYK1v SkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJ jM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0qpVvctq7f6qU id5HEU4gVO4AA+uoQ530IAmMAjhGV7hzRk7L86787FoLTj5zDH8 gfP5Aw68jPA=</latexit>
$
<latexit sha1_base64="JQ7O +IXGKQnCywzOP7HUyj374DU=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LFbBU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz00Dvrlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME 1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dknOrDEgYK1v SkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJ jM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0qpVvctq7f6qU id5HEU4gVO4AA+uoQ530IAmMAjhGV7hzRk7L86787FoLTj5zDH8 gfP5Aw68jPA=</latexit>
#, $, (n, ) : S,B
<latexit sha1 _base64="cYxmm5Wccyh575rbH J8AeGAwrjU=">AAACDXicbVDL SgMxFM3UV62vUTeCm2ArVBjLT BUUV0U3LivaB7SlZDJpG5rJDEn GUob+gBt/xY0LRdy6d+ffmGln odUDgcM595F73JBRqWz7y8gsLC 4tr2RXc2vrG5tb5vZOXQaRwKS GAxaIposkYZSTmqKKkWYoCPJdR hru8CrxG/dESBrwOzUOScdHfU 57FCOlpa5ZaHvBiCMhgpEVtws Tq9iOuEdEMg9y6/jo4ta67Jp5u 2RPAf8SJyV5kKLaNT/1WBz5hC vMkJQtxw5VJ0ZCUczIJNeOJAkR HqI+aWnKkU9kJ55eM4GHWvFgL xD6cQWn6s+OGPlSjn1XV/pIDeS 8l4j/ea1I9c47MeVhpAjHs0W9 iEEVwCQa6FFBsGJjTRAWVP8V4 gESCCsdYE6H4Myf/JfUyyXnpFS +Oc1X9tI4smAfHIAicMAZqIBr UAU1gMEDeAIv4NV4NJ6NN+N9Vp ox0p5d8AvGxzdko5pR</latex it>
#, $, (n, g) : S,B
<latexit sha1_base64="Mb9D /T8P6i0NHlwBcQjypxEMOEo=">AAACDXicbVDLSgMxFM3UV62vq hvBTbAVKgxlpgqKq6IblxXtA9pSMpm0Dc0kQ5KxlKE/4MZfceNC Ebfu3fk3ZtoutPVA4HDOfeQeL2RUacf5tlJLyyura+n1zMbm1v ZOdnevpkQkMaliwYRseEgRRjmpaqoZaYSSoMBjpO4NrhO//kCko oLf61FI2gHqcdqlGGkjdbL5li+GHEkphnbcyo/tQiviPpHJPMjt 3snlnX3VyeacojMBXCTujOTADJVO9suMxVFAuMYMKdV0nVC3YyQ 1xYyMM61IkRDhAeqRpqEcBUS148k1Y3hsFB92hTSPazhRf3fEKF BqFHimMkC6r+a9RPzPa0a6e9GOKQ8jTTieLupGDGoBk2igTyXBm o0MQVhS81eI+0girE2AGROCO3/yIqmViu5psXR7lisfzOJIg0Nw BArABeegDG5ABVQBBo/gGbyCN+vJerHerY9pacqa9eyDP7A+fw C9rZqL</latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
r
<latexit sha1 _base64="MGYvqdsDx04M0mCio UDqd5bJQoE=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipqQblilt1FyDrxMtJBXI0BuW v/jBmaYTSMEG17nluYvyMKsOZw Fmpn2pMKJvQEfYslTRC7WeLQ2 fkwipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDWz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m5INwVt9eZ20 a1XvqlprXlfqJI+jCGdwDpfgw Q3U4R4a0AIGCM/wCm/Oo/PivDs fy9aCk8+cwh84nz/UNYzY</la texit>
x
<latexit sha1 _base64="enw1WACZT3mACjkE0 CqTdOhvtH8=">AAAB6HicbVDL SgNBEOyNrxhfUS+Cl8EgeAq7U dBjwIvHBMwDkiXMTnqTMbOzy8y sGEK+wIsHRbz6Sd78GyfJHjSx oKGo6qa7K0gE18Z1v53c2vrG5l Z+u7Czu7d/UDw8auo4VQwbLBa xagdUo+ASG4Ybge1EIY0Cga1gd DvzW4+oNI/lvRkn6Ed0IHnIGT VWqj/1iiW37M5BVomXkRJkqPW KX91+zNIIpWGCat3x3MT4E6oMZ wKnhW6qMaFsRAfYsVTSCLU/mR 86JedW6ZMwVrakIXP198SERlqP o8B2RtQM9bI3E//zOqkJb/wJl 0lqULLFojAVxMRk9jXpc4XMiLE llClubyVsSBVlxmZTsCF4yy+v kmal7F2WK/WrUvUkiyMPp3AGF +DBNVThDmrQAAYIz/AKb86D8+K 8Ox+L1pyTzRzDHzifP9rljNY= </latexit>
{n}
<latexit sha1 _base64="XefsvhPirC/uKVcTK aU7lR0G9y4=">AAAB+XicbVDL SsNAFL2pr1pfUTeCm8EiuCpJF XRZcOOygn1AE8pkMmmHTiZhZlI ooX/ixoUibv0Td/6NkzYLbT1w 4XDOvTP3niDlTGnH+bYqG5tb2z vV3dre/sHhkX180lVJJgntkIQ nsh9gRTkTtKOZ5rSfSorjgNNeM Lkv/N6USsUS8aRnKfVjPBIsYg RrIw1t28u9TIRUFg8g4c2Hdt1 pOAugdeKWpA4l2kP7ywsTksVUa MKxUgPXSbWfY6kZ4XRe8zJFU0 wmeEQHhgocU+Xni83n6NIoIYoS aUpotFB/T+Q4VmoWB6YzxnqsV r1C/M8bZDq683Mm0kxTQZYfRRl HOkFFDChkkhLNZ4ZgIpnZFZEx lphoE1bNhOCunrxOus2Ge91oP t7UW2dlHFU4hwu4AhduoQUP0IY OEJjCM7zCm5VbL9a79bFsrVjl zCn8gfX5A6H8k4U=</latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
x
<latexit sha1_base64="enw1 WACZT3mACjkE0CqTdOhvtH8=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6 Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UD w8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lv Rkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGC at3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JedW6ZMwVra kIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxM Rk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WrU vUkiyMPp3AGF+DBNVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzD HzifP9rljNY=</latexit>
{n}
<latexit sha1 _base64="XefsvhPirC/uKVcTK aU7lR0G9y4=">AAAB+XicbVDL SsNAFL2pr1pfUTeCm8EiuCpJF XRZcOOygn1AE8pkMmmHTiZhZlI ooX/ixoUibv0Td/6NkzYLbT1w 4XDOvTP3niDlTGnH+bYqG5tb2z vV3dre/sHhkX180lVJJgntkIQ nsh9gRTkTtKOZ5rSfSorjgNNeM Lkv/N6USsUS8aRnKfVjPBIsYg RrIw1t28u9TIRUFg8g4c2Hdt1 pOAugdeKWpA4l2kP7ywsTksVUa MKxUgPXSbWfY6kZ4XRe8zJFU0 wmeEQHhgocU+Xni83n6NIoIYoS aUpotFB/T+Q4VmoWB6YzxnqsV r1C/M8bZDq683Mm0kxTQZYfRRl HOkFFDChkkhLNZ4ZgIpnZFZEx lphoE1bNhOCunrxOus2Ge91oP t7UW2dlHFU4hwu4AhduoQUP0IY OEJjCM7zCm5VbL9a79bFsrVjl zCn8gfX5A6H8k4U=</latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
#, a(m,x), ((), ) : S,B
<latexit sha1 _base64="drUy/Hlx/YFkdgzbr eYz1OpQ1nc=">AAACHnicbVDL SgMxFM3UV62vUTeCm2ARWhjLT FUUV0U3LivaB7SlZNKMDc1khiR jLUO/xI2/4saFIoIr/RvTdha1 9UDgcM595B43ZFQq2/4xUguLS8 sr6dXM2vrG5pa5vVOVQSQwqeC ABaLuIkkY5aSiqGKkHgqCfJeRm tu7Gvm1ByIkDfidGoSk5aN7Tj 2KkdJS2zxtdoI+R0IEfStGuWb EO0SMhsX+0HrMD60pCeby1lH+4 ta6bJtZu2CPAeeJk5AsSFBum1 96D458whVmSMqGY4eqFSOhKGZk mGlGkoQI99A9aWjKkU9kKx6fN 4SHWulALxD6cQXH6nRHjHwpB76 rK32kunLWG4n/eY1IeeetmPIw UoTjySIvYlAFcJQV7FBBsGIDT RAWVP8V4i4SCCudaEaH4MyePE+ qxYJzXCjenGRLe0kcabAPDkAO OOAMlMA1KIMKwOAJvIA38G48G6 /Gh/E5KU0ZSc8u+APj+xd+JqE 7</latexit>
#, l(x), ((), ) : S,B
<latexit sha1_base64="laaf EDs1NUY2CpRYFPt4JvNrZNY=">AAACEHicbVDLSgMxFM3UV62vq hvBTbCIUxjLTBUUV0U3LivaB7SlZDKZNjSTGZKMtQz9BDf+ihsX irh16c6/MX0stPVA4HDOfeQeN2JUKtv+NlILi0vLK+nVzNr6xu ZWdnunKsNYYFLBIQtF3UWSMMpJRVHFSD0SBAUuIzW3dzXya/dES BryOzWISCtAHU59ipHSUjt71PTCPkdChH0rYeZDfmiZzZh7RIwm QjNvHecvbq3LdjZnF+wx4DxxpiQHpii3s196Mo4DwhVmSMqGY0e qlSChKGZkmGnGkkQI91CHNDTlKCCylYwPGsJDrXjQD4V+XMGx+r sjQYGUg8DVlQFSXTnrjcT/vEas/PNWQnkUK8LxZJEfM6hCOEoHe lQQrNhAE4QF1X+FuIsEwkpnmNEhOLMnz5NqseCcFIo3p7nS3jSO NNgHB8AEDjgDJXANyqACMHgEz+AVvBlPxovxbnxMSlPGtGcX/I Hx+QPgiJsH</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
r
<latexit sha1_base64="MGYv qdsDx04M0mCioUDqd5bJQoE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG1 7nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1XvqlprXlfqJ I+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84 nz/UNYzY</latexit>
x
<latexit sha1_base64="enw1 WACZT3mACjkE0CqTdOhvtH8=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6 Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UD w8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lv Rkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGC at3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JedW6ZMwVra kIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxM Rk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WrU vUkiyMPp3AGF+DBNVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzD HzifP9rljNY=</latexit>
{n}
<latexit sha1_base64="Xefs vhPirC/uKVcTKaU7lR0G9y4=">AAAB+XicbVDLSsNAFL2pr1pfU TeCm8EiuCpJFXRZcOOygn1AE8pkMmmHTiZhZlIooX/ixoUibv0T d/6NkzYLbT1w4XDOvTP3niDlTGnH+bYqG5tb2zvV3dre/sHhkX 180lVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkv/N6USsUS8 aRnKfVjPBIsYgRrIw1t28u9TIRUFg8g4c2Hdt1pOAugdeKWpA4l 2kP7ywsTksVUaMKxUgPXSbWfY6kZ4XRe8zJFU0wmeEQHhgocU+X ni83n6NIoIYoSaUpotFB/T+Q4VmoWB6YzxnqsVr1C/M8bZDq683 Mm0kxTQZYfRRlHOkFFDChkkhLNZ4ZgIpnZFZExlphoE1bNhOCun rxOus2Ge91oPt7UW2dlHFU4hwu4AhduoQUP0IYOEJjCM7zCm5Vb L9a79bFsrVjlzCn8gfX5A6H8k4U=</latexit>
x
<latexit sha1_base64="enw1 WACZT3mACjkE0CqTdOhvtH8=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6 Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UD w8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lv Rkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGC at3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JedW6ZMwVra kIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxM Rk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WrU vUkiyMPp3AGF+DBNVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzD HzifP9rljNY=</latexit>
{n}
<latexit sha1_base64="Xefs vhPirC/uKVcTKaU7lR0G9y4=">AAAB+XicbVDLSsNAFL2pr1pfU TeCm8EiuCpJFXRZcOOygn1AE8pkMmmHTiZhZlIooX/ixoUibv0T d/6NkzYLbT1w4XDOvTP3niDlTGnH+bYqG5tb2zvV3dre/sHhkX 180lVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkv/N6USsUS8 aRnKfVjPBIsYgRrIw1t28u9TIRUFg8g4c2Hdt1pOAugdeKWpA4l 2kP7ywsTksVUaMKxUgPXSbWfY6kZ4XRe8zJFU0wmeEQHhgocU+X ni83n6NIoIYoSaUpotFB/T+Q4VmoWB6YzxnqsVr1C/M8bZDq683 Mm0kxTQZYfRRlHOkFFDChkkhLNZ4ZgIpnZFZExlphoE1bNhOCun rxOus2Ge91oPt7UW2dlHFU4hwu4AhduoQUP0IYOEJjCM7zCm5Vb L9a79bFsrVjlzCn8gfX5A6H8k4U=</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
r
<latexit sha1 _base64="MGYvqdsDx04M0mCio UDqd5bJQoE=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipqQblilt1FyDrxMtJBXI0BuW v/jBmaYTSMEG17nluYvyMKsOZw Fmpn2pMKJvQEfYslTRC7WeLQ2 fkwipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDWz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m5INwVt9eZ20 a1XvqlprXlfqJI+jCGdwDpfgw Q3U4R4a0AIGCM/wCm/Oo/PivDs fy9aCk8+cwh84nz/UNYzY</la texit>
x
<latexit sha1 _base64="enw1WACZT3mACjkE0 CqTdOhvtH8=">AAAB6HicbVDL SgNBEOyNrxhfUS+Cl8EgeAq7U dBjwIvHBMwDkiXMTnqTMbOzy8y sGEK+wIsHRbz6Sd78GyfJHjSx oKGo6qa7K0gE18Z1v53c2vrG5l Z+u7Czu7d/UDw8auo4VQwbLBa xagdUo+ASG4Ybge1EIY0Cga1gd DvzW4+oNI/lvRkn6Ed0IHnIGT VWqj/1iiW37M5BVomXkRJkqPW KX91+zNIIpWGCat3x3MT4E6oMZ wKnhW6qMaFsRAfYsVTSCLU/mR 86JedW6ZMwVrakIXP198SERlqP o8B2RtQM9bI3E//zOqkJb/wJl 0lqULLFojAVxMRk9jXpc4XMiLE llClubyVsSBVlxmZTsCF4yy+v kmal7F2WK/WrUvUkiyMPp3AGF +DBNVThDmrQAAYIz/AKb86D8+K 8Ox+L1pyTzRzDHzifP9rljNY= </latexit>
{n}
<latexit sha1 _base64="XefsvhPirC/uKVcTK aU7lR0G9y4=">AAAB+XicbVDL SsNAFL2pr1pfUTeCm8EiuCpJF XRZcOOygn1AE8pkMmmHTiZhZlI ooX/ixoUibv0Td/6NkzYLbT1w 4XDOvTP3niDlTGnH+bYqG5tb2z vV3dre/sHhkX180lVJJgntkIQ nsh9gRTkTtKOZ5rSfSorjgNNeM Lkv/N6USsUS8aRnKfVjPBIsYg RrIw1t28u9TIRUFg8g4c2Hdt1 pOAugdeKWpA4l2kP7ywsTksVUa MKxUgPXSbWfY6kZ4XRe8zJFU0 wmeEQHhgocU+Xni83n6NIoIYoS aUpotFB/T+Q4VmoWB6YzxnqsV r1C/M8bZDq683Mm0kxTQZYfRRl HOkFFDChkkhLNZ4ZgIpnZFZEx lphoE1bNhOCunrxOus2Ge91oP t7UW2dlHFU4hwu4AhduoQUP0IY OEJjCM7zCm5VbL9a79bFsrVjl zCn8gfX5A6H8k4U=</latexit>
x
<latexit sha1_base64="enw1 WACZT3mACjkE0CqTdOhvtH8=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6 Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UD w8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lv Rkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGC at3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JedW6ZMwVra kIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxM Rk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WrU vUkiyMPp3AGF+DBNVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzD HzifP9rljNY=</latexit>
{n}
<latexit sha1 _base64="XefsvhPirC/uKVcTK aU7lR0G9y4=">AAAB+XicbVDL SsNAFL2pr1pfUTeCm8EiuCpJF XRZcOOygn1AE8pkMmmHTiZhZlI ooX/ixoUibv0Td/6NkzYLbT1w 4XDOvTP3niDlTGnH+bYqG5tb2z vV3dre/sHhkX180lVJJgntkIQ nsh9gRTkTtKOZ5rSfSorjgNNeM Lkv/N6USsUS8aRnKfVjPBIsYg RrIw1t28u9TIRUFg8g4c2Hdt1 pOAugdeKWpA4l2kP7ywsTksVUa MKxUgPXSbWfY6kZ4XRe8zJFU0 wmeEQHhgocU+Xni83n6NIoIYoS aUpotFB/T+Q4VmoWB6YzxnqsV r1C/M8bZDq683Mm0kxTQZYfRRl HOkFFDChkkhLNZ4ZgIpnZFZEx lphoE1bNhOCunrxOus2Ge91oP t7UW2dlHFU4hwu4AhduoQUP0IY OEJjCM7zCm5VbL9a79bFsrVjl zCn8gfX5A6H8k4U=</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
X
<latexit sha1_base64="rRkN 2ss//1CAV35C2NV8177jMZs=">AAAB6HicbVBNS8NAEJ3Ur1q/q l4EL4tF8FSSKuix4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP 8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD 48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW9 2aSoB/RoeQhZ9RYqdnplytu1Z2DrBIvJxXI0eiXv3qDmKURSsME 1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dknOrDEgYK1v SkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJ jMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0q5VvctqrXlVq Z/kcRThFM7gAjy4hjrcQQNawADhGV7hzXl0Xpx352PRWnDymWP4 A+fzB6pljLY=</latexit>
X
<latexit sha1 _base64="rRkN2ss//1CAV35C2 NV8177jMZs=">AAAB6HicbVBN S8NAEJ3Ur1q/ql4EL4tF8FSSK uix4MVjC7YW2lA220m7drMJuxu hhP4CLx4U8epP8ua/cdvmoK0P Bh7vzTAzL0gE18Z1v53C2vrG5l Zxu7Szu7d/UD48aus4VQxbLBa x6gRUo+ASW4YbgZ1EIY0CgQ/B+ HbmPzyh0jyW92aSoB/RoeQhZ9 RYqdnplytu1Z2DrBIvJxXI0ei Xv3qDmKURSsME1brruYnxM6oMZ wKnpV6qMaFsTIfYtVTSCLWfzQ +dknOrDEgYK1vSkLn6eyKjkdaT KLCdETUjvezNxP+8bmrCGz/jM kkNSrZYFKaCmJjMviYDrpAZMbG EMsXtrYSNqKLM2GxKNgRv+eVV 0q5VvctqrXlVqZ/kcRThFM7gA jy4hjrcQQNawADhGV7hzXl0Xpx 352PRWnDymWP4A+fzB6pljLY= </latexit>
m
<latexit sha1_base64="MspV 0S8w6SWzX1LS8spjRy7yJcI=">AAAB83icbVDLSsNAFJ3UV62vq ks3g0VwVZIq6LLgxmUF+4AmlMnkph06mYR5CCX0N9y4UMStP+PO v3HSZqGtBwYO59zDvXPCjDOlXffbqWxsbm3vVHdre/sHh0f145 OeSo2k0KUpT+UgJAo4E9DVTHMYZBJIEnLoh9O7wu8/gVQsFY96l kGQkLFgMaNEW8n3jYhAFmGcjOoNt+kugNeJV5IGKtEZ1b/8KKUm AaEpJ0oNPTfTQU6kZpTDvOYbBRmhUzKGoaWCJKCCfHHzHF9YJcJ xKu0TGi/U34mcJErNktBOJkRP1KpXiP95Q6Pj2yBnIjMaBF0uig 3HOsVFAThiEqjmM0sIlczeiumESEK1ralmS/BWv7xOeq2md9VsP Vw32riso4rO0Dm6RB66QW10jzqoiyjK0DN6RW+OcV6cd+djOVpx yswp+gPn8wfyQpGD</latexit>
m
<latexit sha1_base64="MspV 0S8w6SWzX1LS8spjRy7yJcI=">AAAB83icbVDLSsNAFJ3UV62vq ks3g0VwVZIq6LLgxmUF+4AmlMnkph06mYR5CCX0N9y4UMStP+PO v3HSZqGtBwYO59zDvXPCjDOlXffbqWxsbm3vVHdre/sHh0f145 OeSo2k0KUpT+UgJAo4E9DVTHMYZBJIEnLoh9O7wu8/gVQsFY96l kGQkLFgMaNEW8n3jYhAFmGcjOoNt+kugNeJV5IGKtEZ1b/8KKUm AaEpJ0oNPTfTQU6kZpTDvOYbBRmhUzKGoaWCJKCCfHHzHF9YJcJ xKu0TGi/U34mcJErNktBOJkRP1KpXiP95Q6Pj2yBnIjMaBF0uig 3HOsVFAThiEqjmM0sIlczeiumESEK1ralmS/BWv7xOeq2md9VsP Vw32riso4rO0Dm6RB66QW10jzqoiyjK0DN6RW+OcV6cd+djOVpx yswp+gPn8wfyQpGD</latexit>
m
<latexit sha1_base64="MspV 0S8w6SWzX1LS8spjRy7yJcI=">AAAB83icbVDLSsNAFJ3UV62vq ks3g0VwVZIq6LLgxmUF+4AmlMnkph06mYR5CCX0N9y4UMStP+PO v3HSZqGtBwYO59zDvXPCjDOlXffbqWxsbm3vVHdre/sHh0f145 OeSo2k0KUpT+UgJAo4E9DVTHMYZBJIEnLoh9O7wu8/gVQsFY96l kGQkLFgMaNEW8n3jYhAFmGcjOoNt+kugNeJV5IGKtEZ1b/8KKUm AaEpJ0oNPTfTQU6kZpTDvOYbBRmhUzKGoaWCJKCCfHHzHF9YJcJ xKu0TGi/U34mcJErNktBOJkRP1KpXiP95Q6Pj2yBnIjMaBF0uig 3HOsVFAThiEqjmM0sIlczeiumESEK1ralmS/BWv7xOeq2md9VsP Vw32riso4rO0Dm6RB66QW10jzqoiyjK0DN6RW+OcV6cd+djOVpx yswp+gPn8wfyQpGD</latexit>
#, r(x), (n, g) : S,B
<latexit sha1 _base64="wq9oPfZVYUJ2r2NuU sQe9JSbzGg=">AAACD3icbVDL SgMxFM34rPU16kZwEyxKC0OZq YLiqujGZUX7gHYomUymDc1khiR jLUP/wI2/4saFIm7duvNvTB8L bT0QOJxzH7nHixmVyra/jYXFpe WV1cxadn1jc2vb3NmtySgRmFR xxCLR8JAkjHJSVVQx0ogFQaHHS N3rXY38+j0Rkkb8Tg1i4oaow2 lAMVJaapvHLT/qcyRE1LdSkX8 oDK18K+E+EaOJkFudwsWtddk2c 3bRHgPOE2dKcmCKStv80oNxEh KuMENSNh07Vm6KhKKYkWG2lUgS I9xDHdLUlKOQSDcd3zOER1rxY RAJ/biCY/V3R4pCKQehpytDpLp y1huJ/3nNRAXnbkp5nCjC8WRR kDCoIjgKB/pUEKzYQBOEBdV/h biLBMJKR5jVITizJ8+TWqnonBR LN6e58v40jgw4AIcgDxxwBsrg GlRAFWDwCJ7BK3gznowX4934mJ QuGNOePfAHxucPP2ubWg==</l atexit>
",⇤, ? : S,B
<latexit sha1 _base64="tTiA+V+icpMvuj14R z9fH7LfbTU=">AAACBXicbVBN S8NAEN34WetX1Iugh2ARPJSSV EHxVPTisaL9gCaUyXbTLt1k4+5 GKaEXL/4VLx4U8ep/8Oa/cdvm oK0PBh7vzTAzz48Zlcq2v425+Y XFpeXcSn51bX1j09zarkueCEx qmDMumj5IwmhEaooqRpqxIBD6j DT8/uXIb9wTISmPbtUgJl4I3Y gGFIPSUtvcd5MYhOAPxdSVdwk IMiy6UoE4vyletM2CXbLHsGaJk 5ECylBtm19uh+MkJJHCDKRsOX asvBSEopiRYd5NJIkB96FLWppG EBLppeMvhtahVjpWwIWuSFlj9 fdECqGUg9DXnSGonpz2RuJ/Xit RwZmX0ihOFInwZFGQMEtxaxSJ 1aGCYMUGmgAWVN9q4R4IwEoHl 9chONMvz5J6ueQcl8rXJ4XKbhZ HDu2hA3SEHHSKKugKVVENYfSI ntErejOejBfj3fiYtM4Z2cwO+g Pj8wdheJhX</latexit>
",⇤, ? : S,B
<latexit sha1_base64="tTiA +V+icpMvuj14Rz9fH7LfbTU=">AAACBXicbVBNS8NAEN34WetX1 Iugh2ARPJSSVEHxVPTisaL9gCaUyXbTLt1k4+5GKaEXL/4VLx4U 8ep/8Oa/cdvmoK0PBh7vzTAzz48Zlcq2v425+YXFpeXcSn51bX 1j09zarkueCExqmDMumj5IwmhEaooqRpqxIBD6jDT8/uXIb9wTI SmPbtUgJl4I3YgGFIPSUtvcd5MYhOAPxdSVdwkIMiy6UoE4vyle tM2CXbLHsGaJk5ECylBtm19uh+MkJJHCDKRsOXasvBSEopiRYd5 NJIkB96FLWppGEBLppeMvhtahVjpWwIWuSFlj9fdECqGUg9DXnS Gonpz2RuJ/XitRwZmX0ihOFInwZFGQMEtxaxSJ1aGCYMUGmgAWV N9q4R4IwEoHl9chONMvz5J6ueQcl8rXJ4XKbhZHDu2hA3SEHHSK KugKVVENYfSIntErejOejBfj3fiYtM4Z2cwO+gPj8wdheJhX</ latexit>
",⇤, ? : S,B
<latexit sha1 _base64="tTiA+V+icpMvuj14R z9fH7LfbTU=">AAACBXicbVBN S8NAEN34WetX1Iugh2ARPJSSV EHxVPTisaL9gCaUyXbTLt1k4+5 GKaEXL/4VLx4U8ep/8Oa/cdvm oK0PBh7vzTAzz48Zlcq2v425+Y XFpeXcSn51bX1j09zarkueCEx qmDMumj5IwmhEaooqRpqxIBD6j DT8/uXIb9wTISmPbtUgJl4I3Y gGFIPSUtvcd5MYhOAPxdSVdwk IMiy6UoE4vyletM2CXbLHsGaJk 5ECylBtm19uh+MkJJHCDKRsOX asvBSEopiRYd5NJIkB96FLWppG EBLppeMvhtahVjpWwIWuSFlj9 fdECqGUg9DXnSGonpz2RuJ/Xit RwZmX0ihOFInwZFGQMEtxaxSJ 1aGCYMUGmgAWVN9q4R4IwEoHl 9chONMvz5J6ueQcl8rXJ4XKbhZ HDu2hA3SEHHSKKugKVVENYfSI ntErejOejBfj3fiYtM4Z2cwO+g Pj8wdheJhX</latexit>
#, r(x), (n, g) : S,B
<latexit sha1_base64="wq9o PfZVYUJ2r2NuUsQe9JSbzGg=">AAACD3icbVDLSgMxFM34rPU16 kZwEyxKC0OZqYLiqujGZUX7gHYomUymDc1khiRjLUP/wI2/4saF Im7duvNvTB8LbT0QOJxzH7nHixmVyra/jYXFpeWV1cxadn1jc2 vb3NmtySgRmFRxxCLR8JAkjHJSVVQx0ogFQaHHSN3rXY38+j0Rk kb8Tg1i4oaow2lAMVJaapvHLT/qcyRE1LdSkX8oDK18K+E+EaOJ kFudwsWtddk2c3bRHgPOE2dKcmCKStv80oNxEhKuMENSNh07Vm6 KhKKYkWG2lUgSI9xDHdLUlKOQSDcd3zOER1rxYRAJ/biCY/V3R4 pCKQehpytDpLpy1huJ/3nNRAXnbkp5nCjC8WRRkDCoIjgKB/pUE KzYQBOEBdV/hbiLBMJKR5jVITizJ8+TWqnonBRLN6e58v40jgw4 AIcgDxxwBsrgGlRAFWDwCJ7BK3gznowX4934mJQuGNOePfAHxu cPP2ubWg==</latexit>
#, r(x), (n, g) : S,B
<latexit sha1 _base64="wq9oPfZVYUJ2r2NuU sQe9JSbzGg=">AAACD3icbVDL SgMxFM34rPU16kZwEyxKC0OZq YLiqujGZUX7gHYomUymDc1khiR jLUP/wI2/4saFIm7duvNvTB8L bT0QOJxzH7nHixmVyra/jYXFpe WV1cxadn1jc2vb3NmtySgRmFR xxCLR8JAkjHJSVVQx0ogFQaHHS N3rXY38+j0Rkkb8Tg1i4oaow2 lAMVJaapvHLT/qcyRE1LdSkX8 oDK18K+E+EaOJkFudwsWtddk2c 3bRHgPOE2dKcmCKStv80oNxEh KuMENSNh07Vm6KhKKYkWG2lUgS I9xDHdLUlKOQSDcd3zOER1rxY RAJ/biCY/V3R4pCKQehpytDpLp y1huJ/3nNRAXnbkp5nCjC8WRR kDCoIjgKB/pUEKzYQBOEBdV/h biLBMJKR5jVITizJ8+TWqnonBR LN6e58v40jgw4AIcgDxxwBsrg GlRAFWDwCJ7BK3gznowX4934mJ QuGNOePfAHxucPP2ubWg==</l atexit>
X
<latexit sha1_base64="rRkN 2ss//1CAV35C2NV8177jMZs=">AAAB6HicbVBNS8NAEJ3Ur1q/q l4EL4tF8FSSKuix4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP 8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD 48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW9 2aSoB/RoeQhZ9RYqdnplytu1Z2DrBIvJxXI0eiXv3qDmKURSsME 1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dknOrDEgYK1v SkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJ jMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0q5VvctqrXlVq Z/kcRThFM7gAjy4hjrcQQNawADhGV7hzXl0Xpx352PRWnDymWP4 A+fzB6pljLY=</latexit>
X
<latexit sha1_base64="rRkN 2ss//1CAV35C2NV8177jMZs=">AAAB6HicbVBNS8NAEJ3Ur1q/q l4EL4tF8FSSKuix4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP 8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD 48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW9 2aSoB/RoeQhZ9RYqdnplytu1Z2DrBIvJxXI0eiXv3qDmKURSsME 1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dknOrDEgYK1v SkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJ jMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0q5VvctqrXlVq Z/kcRThFM7gAjy4hjrcQQNawADhGV7hzXl0Xpx352PRWnDymWP4 A+fzB6pljLY=</latexit>
Figure 7 computation rewrites
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µ
<latexit sha1 _base64="JfNhHDmiXWSkW51tt 1a0oYAngQE=">AAAB6nicbVDL SgNBEOz1GeMr6tHLYBA8hd0o6 DHgxWNE84BkCbOT2WTIzOwy0yu EkE/w4kERr36RN//GSbIHTSxo KKq66e6KUiks+v63t7a+sbm1Xd gp7u7tHxyWjo6bNskM4w2WyMS 0I2q5FJo3UKDk7dRwqiLJW9Hod ua3nrixItGPOE55qOhAi1gwik 566KqsVyr7FX8OskqCnJQhR71 X+ur2E5YprpFJam0n8FMMJ9SgY JJPi93M8pSyER3wjqOaKm7Dyf zUKTl3Sp/EiXGlkczV3xMTqqwd q8h1KopDu+zNxP+8TobxTTgRO s2Qa7ZYFGeSYEJmf5O+MJyhHDt CmRHuVsKG1FCGLp2iCyFYfnmV NKuV4LJSvb8q10geRwFO4QwuI IBrqMEd1KEBDAbwDK/w5knvxXv 3Phata14+cwJ/4H3+AFRyjbg= </latexit>
µ
<latexit sha1_base64="JfNh HDmiXWSkW51tt1a0oYAngQE=">AAAB6nicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWNE84BkCbOT2WTIzOwy0yuEkE/w4kERr36R N//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo 6bNskM4w2WyMS0I2q5FJo3UKDk7dRwqiLJW9Hodua3nrixItGPO E55qOhAi1gwik566KqsVyr7FX8OskqCnJQhR71X+ur2E5YprpFJ am0n8FMMJ9SgYJJPi93M8pSyER3wjqOaKm7DyfzUKTl3Sp/EiXG lkczV3xMTqqwdq8h1KopDu+zNxP+8TobxTTgROs2Qa7ZYFGeSYE Jmf5O+MJyhHDtCmRHuVsKG1FCGLp2iCyFYfnmVNKuV4LJSvb8q1 0geRwFO4QwuIIBrqMEd1KEBDAbwDK/w5knvxXv3Phata14+cwJ/ 4H3+AFRyjbg=</latexit>
?
<latexit sha1 _base64="s9I1xHA5Mpp41qKte b9FbOR0LvY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo DcLXjy2YGuhDWWznbRrN5uwuxF K6C/w4kERr/4kb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrW9sbh W3Szu7e/sH5cOjto5TxbDFYhG rTkA1Ci6xZbgR2EkU0igQ+BCMb 2f+wxMqzWN5byYJ+hEdSh5yRo 2Vmjf9csWtunOQVeLlpAI5Gv3 yV28QszRCaZigWnc9NzF+RpXhT OC01Es1JpSN6RC7lkoaofaz+a FTcmaVAQljZUsaMld/T2Q00noS BbYzomakl72Z+J/XTU147WdcJ qlByRaLwlQQE5PZ12TAFTIjJpZ Qpri9lbARVZQZm03JhuAtv7xK 2rWqd1GtNS8rdZLHUYQTOIVz8 OAK6nAHDWgBA4RneIU359F5cd6 dj0VrwclnjuEPnM8fhumMpQ== </latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
G
<latexit sha1 _base64="N9s+gPR64v1JUHgal LjR6XpLj8A=">AAAB6HicbVDL SgNBEOyNrxhfUS+Cl8EgeAq7U dBjwIMeEzAPSJYwO+lNxszOLjO zQgj5Ai8eFPHqJ3nzb5wke9DE goaiqpvuriARXBvX/XZya+sbm1 v57cLO7t7+QfHwqKnjVDFssFj Eqh1QjYJLbBhuBLYThTQKBLaC0 e3Mbz2h0jyWD2acoB/RgeQhZ9 RYqX7XK5bcsjsHWSVeRkqQodY rfnX7MUsjlIYJqnXHcxPjT6gyn AmcFrqpxoSyER1gx1JJI9T+ZH 7olJxbpU/CWNmShszV3xMTGmk9 jgLbGVEz1MveTPzP66QmvPEnX CapQckWi8JUEBOT2dekzxUyI8a WUKa4vZWwIVWUGZtNwYbgLb+8 SpqVsndZrtSvStWTLI48nMIZX IAH11CFe6hBAxggPMMrvDmPzov z7nwsWnNONnMMf+B8/gCQoYyl </latexit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
l
m m
l l
", C, S, l : m : B
<latexit sha1 _base64="mpmCrLt/syOzqr7E2 KJ5U8z6k84=">AAAB/XicbVDL SgMxFM3UV62v8bEQ3ASL4KKUm SooXRW7cVnRPqAdSibNtKGZZEg ySh2Kv+LGhSJu/Q93/o1pOwtt PXDhcM693HuPHzGqtON8W5ml5Z XVtex6bmNza3vH3t1rKBFLTOp YMCFbPlKEUU7qmmpGWpEkKPQZa frD6sRv3hOpqOB3ehQRL0R9Tg OKkTZS1z7oxBGSUjwUkuq4cFt g5bB81bXzTtGZAi4SNyV5kKLWt b86PYHjkHCNGVKq7TqR9hIkNc WMjHOdWJEI4SHqk7ahHIVEecn0 +jE8MUoPBkKa4hpO1d8TCQqVG oW+6QyRHqh5byL+57VjHVx6CeV RrAnHs0VBzKAWcBIF7FFJsGYj QxCW1NwK8QBJhLUJLGdCcOdfX iSNUtE9K5ZuzvOVwzSOLDgCx+A UuOACVMA1qIE6wOARPINX8GY9 WS/Wu/Uxa81Y6cw++APr8wdVNZ Ra</latexit>
", C, S,m : B
<latexit sha1 _base64="qBtqVObSvGnCKXW8I pC9CB/PhGQ=">AAAB+3icbVDL SgMxFM3UV62vsW4EN8EiuChlp gqKq2I3LivaB7RDyaSZNjTJDEl GLcP8ihsXirj1R9z5N6btLLT1 wIXDOfdy7z1+xKjSjvNt5VZW19 Y38puFre2d3T17v9hSYSwxaeK QhbLjI0UYFaSpqWakE0mCuM9I2 x/Xp377gUhFQ3GvJxHxOBoKGl CMtJH6drEXR0jK8LGc1NPyXZl fXfftklNxZoDLxM1ICWRo9O2v3 iDEMSdCY4aU6rpOpL0ESU0xI2 mhFysSITxGQ9I1VCBOlJfMbk/h iVEGMAilKaHhTP09kSCu1IT7p pMjPVKL3lT8z+vGOrj0EiqiWBO B54uCmEEdwmkQcEAlwZpNDEFY UnMrxCMkEdYmroIJwV18eZm0q hX3rFK9PS/VDrM48uAIHINT4II LUAM3oAGaAIMn8AxewZuVWi/W u/Uxb81Z2cwB+APr8wcB6JOg</ latexit>
", C, S,B
<latexit sha1_base64="TWs1 GeWgXImfj7jhScI5uo320qw=">AAAB+XicbVBNS8NAEJ3Ur1q/o l4EL4tF8FBKUgU9FnvxWNF+QBvKZrtpl242YXdTKaH/xIsHRbz6 T7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7a+sbmV3y7s7O7tH9 iHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aPazG+NqVQsE o96ElMvxAPBAkawNlLPtrtJjKWMnkppbVp6KN327KJTduZAq8TN SBEy1Hv2V7cfkSSkQhOOleq4Tqy9FEvNCKfTQjdRNMZkhAe0Y6j AIVVeOr98is6N0kdBJE0Jjebq74kUh0pNQt90hlgP1bI3E//zOo kObryUiTjRVJDFoiDhSEdoFgPqM0mJ5hNDMJHM3IrIEEtMtAmrY EJwl19eJc1K2b0sV+6vitWTLI48nMIZXIAL11CFO6hDAwiM4Rle 4c1KrRfr3fpYtOasbOYY/sD6/AGuWpLl</latexit>
",⇤, S,B
<latexit sha1_base64="d7+g YvO9MDtHlQL1JdLzCb1Ueyw=">AAAB/3icbVDLSgMxFM3UV62vU UEEN8EiuChlpgq6LLpxWdE+oDOUTJppQzPJmGSUMnbhr7hxoYhb f8Odf2PazkJbD1w4nHMv994TxIwq7TjfVm5hcWl5Jb9aWFvf2N yyt3caSiQSkzoWTMhWgBRhlJO6ppqRViwJigJGmsHgcuw374lUV PBbPYyJH6EepyHFSBupY+95SYykFA+l1FN3CZJkVLopXXTsolN2 JoDzxM1IEWSodewvrytwEhGuMUNKtV0n1n6KpKaYkVHBSxSJER6 gHmkbylFElJ9O7h/BI6N0YSikKa7hRP09kaJIqWEUmM4I6b6a9c bif1470eG5n1IeJ5pwPF0UJgxqAcdhwC6VBGs2NARhSc2tEPeRR FibyAomBHf25XnSqJTdk3Ll+rRY3c/iyIMDcAiOgQvOQBVcgRqo AwwewTN4BW/Wk/VivVsf09aclc3sgj+wPn8AxbOVyw==</late xit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
", !, S,B
<latexit sha1 _base64="hlzuG4tXirloWPCQY nFAgGBjyLo=">AAAB+XicbVBN S8NAEJ3Ur1q/ol4EL6tF8FBKU gU9Fr14rGg/oA1ls920SzfZsLu plNB/4sWDIl79J978N27bHLT1 wcDjvRlm5vkxZ0o7zreVW1ldW9 /Ibxa2tnd29+z9g4YSiSS0TgQ XsuVjRTmLaF0zzWkrlhSHPqdNf 3g79ZsjKhUT0aMex9QLcT9iAS NYG6lr250kxlKKp1J6Mik9lG6 6dtEpOzOgZeJmpAgZal37q9MTJ AlppAnHSrVdJ9ZeiqVmhNNJoZ MoGmMyxH3aNjTCIVVeOrt8gs6M 0kOBkKYijWbq74kUh0qNQ990h lgP1KI3Ff/z2okOrr2URXGiaUT mi4KEIy3QNAbUY5ISzceGYCKZ uRWRAZaYaBNWwYTgLr68TBqVs ntRrtxfFqtHWRx5OIZTOAcXrqA Kd1CDOhAYwTO8wpuVWi/Wu/Ux b81Z2cwh/IH1+QN6KJLD</late xit>
",⇤, S,B
<latexit sha1_base64="d7+g YvO9MDtHlQL1JdLzCb1Ueyw=">AAAB/3icbVDLSgMxFM3UV62vU UEEN8EiuChlpgq6LLpxWdE+oDOUTJppQzPJmGSUMnbhr7hxoYhb f8Odf2PazkJbD1w4nHMv994TxIwq7TjfVm5hcWl5Jb9aWFvf2N yyt3caSiQSkzoWTMhWgBRhlJO6ppqRViwJigJGmsHgcuw374lUV PBbPYyJH6EepyHFSBupY+95SYykFA+l1FN3CZJkVLopXXTsolN2 JoDzxM1IEWSodewvrytwEhGuMUNKtV0n1n6KpKaYkVHBSxSJER6 gHmkbylFElJ9O7h/BI6N0YSikKa7hRP09kaJIqWEUmM4I6b6a9c bif1470eG5n1IeJ5pwPF0UJgxqAcdhwC6VBGs2NARhSc2tEPeRR FibyAomBHf25XnSqJTdk3Ll+rRY3c/iyIMDcAiOgQvOQBVcgRqo AwwewTN4BW/Wk/VivVsf09aclc3sgj+wPn8AxbOVyw==</late xit>
!
<latexit sha1 _base64="7bD4DOjZGCiApKOAR e6s9kkcjGo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69rBbBU0mqo MeCF48t2FpoQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCoreNUMWyxWMS qE1CNgktsGW4EdhKFNAoEPgTj2 5n/8IRK81jem0mCfkSHkoecUW Ol5mm/XHGr7hxklXg5qUCORr/ 81RvELI1QGiao1l3PTYyfUWU4E zgt9VKNCWVjOsSupZJGqP1sfu iUnFtlQMJY2ZKGzNXfExmNtJ5E ge2MqBnpZW8m/ud1UxPe+BmXS WpQssWiMBXExGT2NRlwhcyIiSW UKW5vJWxEFWXGZlOyIXjLL6+S dq3qXVZrzatKneRxFOEEzuACP LiGOtxBA1rAAOEZXuHNeXRenHf nY9FacPKZY/gD5/MHWXGMhw== </latexit>
D
<latexit sha1 _base64="MV2w598ygWdtC1Kwp AySZHUwuTo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCHjy2YGuhDWWznbRrN5uwuxF K6C/w4kERr/4kb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrW9sbh W3Szu7e/sH5cOjto5TxbDFYhG rTkA1Ci6xZbgR2EkU0igQ+BCMb 2b+wxMqzWN5byYJ+hEdSh5yRo 2Vmrf9csWtunOQVeLlpAI5Gv3 yV28QszRCaZigWnc9NzF+RpXhT OC01Es1JpSN6RC7lkoaofaz+a FTcmaVAQljZUsaMld/T2Q00noS BbYzomakl72Z+J/XTU147WdcJ qlByRaLwlQQE5PZ12TAFTIjJpZ Qpri9lbARVZQZm03JhuAtv7xK 2rWqd1GtNS8rdZLHUYQTOIVz8 OAK6nAHDWgBA4RneIU359F5cd6 dj0VrwclnjuEPnM8fjn2Mqg== </latexit>
G
<latexit sha1 _base64="N9s+gPR64v1JUHgal LjR6XpLj8A=">AAAB6HicbVDL SgNBEOyNrxhfUS+Cl8EgeAq7U dBjwIMeEzAPSJYwO+lNxszOLjO zQgj5Ai8eFPHqJ3nzb5wke9DE goaiqpvuriARXBvX/XZya+sbm1 v57cLO7t7+QfHwqKnjVDFssFj Eqh1QjYJLbBhuBLYThTQKBLaC0 e3Mbz2h0jyWD2acoB/RgeQhZ9 RYqX7XK5bcsjsHWSVeRkqQodY rfnX7MUsjlIYJqnXHcxPjT6gyn AmcFrqpxoSyER1gx1JJI9T+ZH 7olJxbpU/CWNmShszV3xMTGmk9 jgLbGVEz1MveTPzP66QmvPEnX CapQckWi8JUEBOT2dekzxUyI8a WUKa4vZWwIVWUGZtNwYbgLb+8 SpqVsndZrtSvStWTLI48nMIZX IAH11CFe6hBAxggPMMrvDmPzov z7nwsWnNONnMMf+B8/gCQoYyl </latexit>
?
<latexit sha1 _base64="s9I1xHA5Mpp41qKte b9FbOR0LvY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo DcLXjy2YGuhDWWznbRrN5uwuxF K6C/w4kERr/4kb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrW9sbh W3Szu7e/sH5cOjto5TxbDFYhG rTkA1Ci6xZbgR2EkU0igQ+BCMb 2f+wxMqzWN5byYJ+hEdSh5yRo 2Vmjf9csWtunOQVeLlpAI5Gv3 yV28QszRCaZigWnc9NzF+RpXhT OC01Es1JpSN6RC7lkoaofaz+a FTcmaVAQljZUsaMld/T2Q00noS BbYzomakl72Z+J/XTU147WdcJ qlByRaLwlQQE5PZ12TAFTIjJpZ Qpri9lbARVZQZm03JhuAtv7xK 2rWqd1GtNS8rdZLHUYQTOIVz8 OAK6nAHDWgBA4RneIU359F5cd6 dj0VrwclnjuEPnM8fhumMpQ== </latexit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
", !, S,B
<latexit sha1_base64="hlzu G4tXirloWPCQYnFAgGBjyLo=">AAAB+XicbVBNS8NAEJ3Ur1q/o l4EL6tF8FBKUgU9Fr14rGg/oA1ls920SzfZsLuplNB/4sWDIl79 J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+ z9g4YSiSS0TgQXsuVjRTmLaF0zzWkrlhSHPqdNf3g79ZsjKhUT0 aMex9QLcT9iASNYG6lr250kxlKKp1J6Mik9lG66dtEpOzOgZeJm pAgZal37q9MTJAlppAnHSrVdJ9ZeiqVmhNNJoZMoGmMyxH3aNjT CIVVeOrt8gs6M0kOBkKYijWbq74kUh0qNQ990hlgP1KI3Ff/z2o kOrr2URXGiaUTmi4KEIy3QNAbUY5ISzceGYCKZuRWRAZaYaBNWw YTgLr68TBqVsntRrtxfFqtHWRx5OIZTOAcXrqAKd1CDOhAYwTO8 wpuVWi/Wu/Uxb81Z2cwh/IH1+QN6KJLD</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
",⇤, S,B
<latexit sha1_base64="d7+g YvO9MDtHlQL1JdLzCb1Ueyw=">AAAB/3icbVDLSgMxFM3UV62vU UEEN8EiuChlpgq6LLpxWdE+oDOUTJppQzPJmGSUMnbhr7hxoYhb f8Odf2PazkJbD1w4nHMv994TxIwq7TjfVm5hcWl5Jb9aWFvf2N yyt3caSiQSkzoWTMhWgBRhlJO6ppqRViwJigJGmsHgcuw374lUV PBbPYyJH6EepyHFSBupY+95SYykFA+l1FN3CZJkVLopXXTsolN2 JoDzxM1IEWSodewvrytwEhGuMUNKtV0n1n6KpKaYkVHBSxSJER6 gHmkbylFElJ9O7h/BI6N0YSikKa7hRP09kaJIqWEUmM4I6b6a9c bif1470eG5n1IeJ5pwPF0UJgxqAcdhwC6VBGs2NARhSc2tEPeRR FibyAomBHf25XnSqJTdk3Ll+rRY3c/iyIMDcAiOgQvOQBVcgRqo AwwewTN4BW/Wk/VivVsf09aclc3sgj+wPn8AxbOVyw==</late xit>
/2 {C,D}
6= C
<latexit sha1_base64="Yn2H rs63RPXH9jJsJ+dPl0hdUKc=">AAAB7XicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjIBePEcwDkiXMTnqTMbOz68ysEEL+wYsHRbz6 P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UD w8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gVJv5rSdUmsfy3 owT9CM6kDzkjBorNbsSH0mtVyy5ZXcOskq8jJQgQ71X/Or2Y5ZG KA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzaKTm3Sp+ EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeONPuExSg5ItFo WpICYms9dJnytkRowtoUxxeythQ6ooMzaggg3BW355lTQrZe+yX Lm7KlVPsjjycApncAEeXEMVbqEODWDwAM/wCm9O7Lw4787HojXn ZDPH8AfO5w/v+46T</latexit>
l
l
l
", !, S,B
<latexit sha1_base64="hlzu G4tXirloWPCQYnFAgGBjyLo=">AAAB+XicbVBNS8NAEJ3Ur1q/o l4EL6tF8FBKUgU9Fr14rGg/oA1ls920SzfZsLuplNB/4sWDIl79 J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+ z9g4YSiSS0TgQXsuVjRTmLaF0zzWkrlhSHPqdNf3g79ZsjKhUT0 aMex9QLcT9iASNYG6lr250kxlKKp1J6Mik9lG66dtEpOzOgZeJm pAgZal37q9MTJAlppAnHSrVdJ9ZeiqVmhNNJoZMoGmMyxH3aNjT CIVVeOrt8gs6M0kOBkKYijWbq74kUh0qNQ990hlgP1KI3Ff/z2o kOrr2URXGiaUTmi4KEIy3QNAbUY5ISzceGYCKZuRWRAZaYaBNWw YTgLr68TBqVsntRrtxfFqtHWRx5OIZTOAcXrqAKd1CDOhAYwTO8 wpuVWi/Wu/Uxb81Z2cwh/IH1+QN6KJLD</latexit>
", !, S,B
<latexit sha1_base64="hlzu G4tXirloWPCQYnFAgGBjyLo=">AAAB+XicbVBNS8NAEJ3Ur1q/o l4EL6tF8FBKUgU9Fr14rGg/oA1ls920SzfZsLuplNB/4sWDIl79 J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+ z9g4YSiSS0TgQXsuVjRTmLaF0zzWkrlhSHPqdNf3g79ZsjKhUT0 aMex9QLcT9iASNYG6lr250kxlKKp1J6Mik9lG66dtEpOzOgZeJm pAgZal37q9MTJAlppAnHSrVdJ9ZeiqVmhNNJoZMoGmMyxH3aNjT CIVVeOrt8gs6M0kOBkKYijWbq74kUh0qNQ990hlgP1KI3Ff/z2o kOrr2URXGiaUTmi4KEIy3QNAbUY5ISzceGYCKZuRWRAZaYaBNWw YTgLr68TBqVsntRrtxfFqtHWRx5OIZTOAcXrqAKd1CDOhAYwTO8 wpuVWi/Wu/Uxb81Z2cwh/IH1+QN6KJLD</latexit>
G
<latexit sha1 _base64="N9s+gPR64v1JUHgal LjR6XpLj8A=">AAAB6HicbVDL SgNBEOyNrxhfUS+Cl8EgeAq7U dBjwIMeEzAPSJYwO+lNxszOLjO zQgj5Ai8eFPHqJ3nzb5wke9DE goaiqpvuriARXBvX/XZya+sbm1 v57cLO7t7+QfHwqKnjVDFssFj Eqh1QjYJLbBhuBLYThTQKBLaC0 e3Mbz2h0jyWD2acoB/RgeQhZ9 RYqX7XK5bcsjsHWSVeRkqQodY rfnX7MUsjlIYJqnXHcxPjT6gyn AmcFrqpxoSyER1gx1JJI9T+ZH 7olJxbpU/CWNmShszV3xMTGmk9 jgLbGVEz1MveTPzP66QmvPEnX CapQckWi8JUEBOT2dekzxUyI8a WUKa4vZWwIVWUGZtNwYbgLb+8 SpqVsndZrtSvStWTLI48nMIZX IAH11CFe6hBAxggPMMrvDmPzov z7nwsWnNONnMMf+B8/gCQoYyl </latexit> G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit> G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit> C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
!
<latexit sha1 _base64="7bD4DOjZGCiApKOAR e6s9kkcjGo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69rBbBU0mqo MeCF48t2FpoQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCoreNUMWyxWMS qE1CNgktsGW4EdhKFNAoEPgTj2 5n/8IRK81jem0mCfkSHkoecUW Ol5mm/XHGr7hxklXg5qUCORr/ 81RvELI1QGiao1l3PTYyfUWU4E zgt9VKNCWVjOsSupZJGqP1sfu iUnFtlQMJY2ZKGzNXfExmNtJ5E ge2MqBnpZW8m/ud1UxPe+BmXS WpQssWiMBXExGT2NRlwhcyIiSW UKW5vJWxEFWXGZlOyIXjLL6+S dq3qXVZrzatKneRxFOEEzuACP LiGOtxBA1rAAOEZXuHNeXRenHf nY9FacPKZY/gD5/MHWXGMhw== </latexit> !
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit> !
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
?
<latexit sha1 _base64="s9I1xHA5Mpp41qKte b9FbOR0LvY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo DcLXjy2YGuhDWWznbRrN5uwuxF K6C/w4kERr/4kb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrW9sbh W3Szu7e/sH5cOjto5TxbDFYhG rTkA1Ci6xZbgR2EkU0igQ+BCMb 2f+wxMqzWN5byYJ+hEdSh5yRo 2Vmjf9csWtunOQVeLlpAI5Gv3 yV28QszRCaZigWnc9NzF+RpXhT OC01Es1JpSN6RC7lkoaofaz+a FTcmaVAQljZUsaMld/T2Q00noS BbYzomakl72Z+J/XTU147WdcJ qlByRaLwlQQE5PZ12TAFTIjJpZ Qpri9lbARVZQZm03JhuAtv7xK 2rWqd1GtNS8rdZLHUYQTOIVz8 OAK6nAHDWgBA4RneIU359F5cd6 dj0VrwclnjuEPnM8fhumMpQ== </latexit> ?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit> ?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit> ?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
", !, S, l : B
<latexit sha1 _base64="Vx6d8qdp2rh8wRL8s imngwES+Cs=">AAAB+3icbVDL SgMxFM3UV62vsW4EN9EiuChlp gqKq6IblxXtA9qhZNJMG5pJhiS jlmF+xY0LRdz6I+78G9N2Ftp6 4MLhnHu59x4/YlRpx/m2ckvLK6 tr+fXCxubW9o69W2wqEUtMGlg wIds+UoRRThqaakbakSQo9Blp+ aPrid96IFJRwe/1OCJeiAacBh QjbaSeXezGEZJSPJaTw7R8V2a XVz275FScKeAicTNSAhnqPfur2 xc4DgnXmCGlOq4TaS9BUlPMSF roxopECI/QgHQM5Sgkykumt6fw 2Ch9GAhpims4VX9PJChUahz6p jNEeqjmvYn4n9eJdXDhJZRHsSY czxYFMYNawEkQsE8lwZqNDUFY UnMrxEMkEdYmroIJwZ1/eZE0q xX3tFK9PSvV9rM48uAAHIET4IJ zUAM3oA4aAIMn8AxewZuVWi/W u/Uxa81Z2cwe+APr8wfL3ZN9</ latexit>
", !, S, l : B
<latexit sha1_base64="Vx6d 8qdp2rh8wRL8simngwES+Cs=">AAAB+3icbVDLSgMxFM3UV62vs W4EN9EiuChlpgqKq6IblxXtA9qhZNJMG5pJhiSjlmF+xY0LRdz6 I+78G9N2Ftp64MLhnHu59x4/YlRpx/m2ckvLK6tr+fXCxubW9o 69W2wqEUtMGlgwIds+UoRRThqaakbakSQo9Blp+aPrid96IFJRw e/1OCJeiAacBhQjbaSeXezGEZJSPJaTw7R8V2aXVz275FScKeAi cTNSAhnqPfur2xc4DgnXmCGlOq4TaS9BUlPMSFroxopECI/QgHQ M5Sgkykumt6fw2Ch9GAhpims4VX9PJChUahz6pjNEeqjmvYn4n9 eJdXDhJZRHsSYczxYFMYNawEkQsE8lwZqNDUFYUnMrxEMkEdYmr oIJwZ1/eZE0qxX3tFK9PSvV9rM48uAAHIET4IJzUAM3oA4aAIMn 8AxewZuVWi/Wu/Uxa81Z2cwe+APr8wfL3ZN9</latexit>
", µ, S,B
<latexit sha1 _base64="Qp5PH18w9dp/IH94e d5USX6iAjY=">AAAB+XicbVDL SsNAFJ3UV62vqBvBzWARXJSSV EGXRTcuK9pWaEKZTCft0JlJmEe lhP6JGxeKuPVP3Pk3TtsstPXA hcM593LvPVHKqNKe9+0UVlbX1j eKm6Wt7Z3dPXf/oKUSIzFp4oQ l8jFCijAqSFNTzchjKgniESPta Hgz9dsjIhVNxIMepyTkqC9oTD HSVuq6bmBSJGXyVAm4qdxXrrt u2at6M8Bl4uekDHI0uu5X0Euw4 URozJBSHd9LdZghqSlmZFIKjC IpwkPUJx1LBeJEhdns8gk8tUoP xom0JTScqb8nMsSVGvPIdnKkB 2rRm4r/eR2j46swoyI1mgg8XxQ bBnUCpzHAHpUEaza2BGFJ7a0Q D5BEWNuwSjYEf/HlZdKqVf3za u3uolw/yuMogmNwAs6ADy5BHdy CBmgCDEbgGbyCNydzXpx352Pe WnDymUPwB87nD7Lekug=</late xit>
",⇤, S,B
<latexit sha1_base64="d7+g YvO9MDtHlQL1JdLzCb1Ueyw=">AAAB/3icbVDLSgMxFM3UV62vU UEEN8EiuChlpgq6LLpxWdE+oDOUTJppQzPJmGSUMnbhr7hxoYhb f8Odf2PazkJbD1w4nHMv994TxIwq7TjfVm5hcWl5Jb9aWFvf2N yyt3caSiQSkzoWTMhWgBRhlJO6ppqRViwJigJGmsHgcuw374lUV PBbPYyJH6EepyHFSBupY+95SYykFA+l1FN3CZJkVLopXXTsolN2 JoDzxM1IEWSodewvrytwEhGuMUNKtV0n1n6KpKaYkVHBSxSJER6 gHmkbylFElJ9O7h/BI6N0YSikKa7hRP09kaJIqWEUmM4I6b6a9c bif1470eG5n1IeJ5pwPF0UJgxqAcdhwC6VBGs2NARhSc2tEPeRR FibyAomBHf25XnSqJTdk3Ll+rRY3c/iyIMDcAiOgQvOQBVcgRqo AwwewTN4BW/Wk/VivVsf09aclc3sgj+wPn8AxbOVyw==</late xit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
Figure 8 copying rewrites
Definition 3.7 (Propagations). We define a propagation as any transitions from
(G,δ, P) picking any non-final prop token to proceed using any possible transitions.
Definition 3.8 (Query and answer states). For any graph G : Λ→ Γ , any e ∈ dom(Λ)
any element X in the computation stack and any stacks S and B, the query state
Qry(G, e,S,B) is given by (G, e,↑,,? : S,B,;), while the answer state Ans(G, e,X ,S,B)
is given by (G, e,↓,,X : S,B,;).
Definition 3.9 (Initial and final states). For any graph G : Λ→ Γ , any e ∈ dom(Λ) and
any element X in the computation stack, we define the initial states and final states
as Init(G, e) = Qry(G, e,,) and Final(G, e,X ) = Ans(G, e,X ,,) respectively.
The DGOI machine executes TSD terms by encoding them into computation graphs
according to the definitions in Fig. 9, where the translation of a well-typed term, is
denoted by [[Γ ` t : τ]]. An execution is any sequence of transitions starting from
the initial state Init(G, r) = (G, r,↑,,? : ,,;). An execution is said to terminate
if the execution ends with the final state Final(G, r,X ) = (G′, r,↓,,X : ,,;), i.e.
15
Transparent Synchronous Dataow
[[Γ , x : τ ` x : τ]] = C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
[[Γ ` n : Int]] =
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit> !
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
n
<latexit sha1_base64="qwmk CCdWplvKEzFyiMtXfVPNC8U=">AAAB83icbVDLSsNAFJ3UV62vq ks3g0VwVZIq6LLgxmUF+4AmlMnkph06mYR5CCX0N9y4UMStP+PO v3HSZqGtBwYO59zDvXPCjDOlXffbqWxsbm3vVHdre/sHh0f145 OeSo2k0KUpT+UgJAo4E9DVTHMYZBJIEnLoh9O7wu8/gVQsFY96l kGQkLFgMaNEW8n3jYhAFmEsRvWG23QXwOvEK0kDleiM6l9+lFKT gNCUE6WGnpvpICdSM8phXvONgozQKRnD0FJBElBBvrh5ji+sEuE 4lfYJjRfq70ROEqVmSWgnE6InatUrxP+8odHxbZAzkRkNgi4XxY ZjneKiABwxCVTzmSWESmZvxXRCJKHa1lSzJXirX14nvVbTu2q2H q4bbVzWUUVn6BxdIg/doDa6Rx3URRRl6Bm9ojfHOC/Ou/OxHK04 ZeYU/YHz+QPzxpGE</latexit>
[[Γ ` λx .u : τ→ τ′]] =
!
<latexit sha1 _base64="7bD4DOjZGCiApKOAR e6s9kkcjGo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69rBbBU0mqo MeCF48t2FpoQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCoreNUMWyxWMS qE1CNgktsGW4EdhKFNAoEPgTj2 5n/8IRK81jem0mCfkSHkoecUW Ol5mm/XHGr7hxklXg5qUCORr/ 81RvELI1QGiao1l3PTYyfUWU4E zgt9VKNCWVjOsSupZJGqP1sfu iUnFtlQMJY2ZKGzNXfExmNtJ5E ge2MqBnpZW8m/ud1UxPe+BmXS WpQssWiMBXExGT2NRlwhcyIiSW UKW5vJWxEFWXGZlOyIXjLL6+S dq3qXVZrzatKneRxFOEEzuACP LiGOtxBA1rAAOEZXuHNeXRenHf nY9FacPKZY/gD5/MHWXGMhw== </latexit>
?
<latexit sha1 _base64="s9I1xHA5Mpp41qKte b9FbOR0LvY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo DcLXjy2YGuhDWWznbRrN5uwuxF K6C/w4kERr/4kb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrW9sbh W3Szu7e/sH5cOjto5TxbDFYhG rTkA1Ci6xZbgR2EkU0igQ+BCMb 2f+wxMqzWN5byYJ+hEdSh5yRo 2Vmjf9csWtunOQVeLlpAI5Gv3 yV28QszRCaZigWnc9NzF+RpXhT OC01Es1JpSN6RC7lkoaofaz+a FTcmaVAQljZUsaMld/T2Q00noS BbYzomakl72Z+J/XTU147WdcJ qlByRaLwlQQE5PZ12TAFTIjJpZ Qpri9lbARVZQZm03JhuAtv7xK 2rWqd1GtNS8rdZLHUYQTOIVz8 OAK6nAHDWgBA4RneIU359F5cd6 dj0VrwclnjuEPnM8fhumMpQ== </latexit>
 
<latexit sha1 _base64="LJnd+eo6OtQBwC7fk d492FwL+Ns=">AAAB7nicbVDL SsNAFL2pr1pfVZduBovgqiRV0 GXBjcsK9gFtKJPJTTt0MgkzE6G EfoQbF4q49Xvc+TdO2yy09cDA 4ZxzmXtPkAqujet+O6WNza3tnf JuZW//4PCoenzS0UmmGLZZIhL VC6hGwSW2DTcCe6lCGgcCu8Hkb u53n1BpnshHM03Rj+lI8ogzaq zUHQgbDemwWnPr7gJknXgFqUG B1rD6NQgTlsUoDRNU677npsbPq TKcCZxVBpnGlLIJHWHfUklj1H 6+WHdGLqwSkihR9klDFurviZzG Wk/jwCZjasZ61ZuL/3n9zES3f s5lmhmUbPlRlAliEjK/nYRcITN iagllittdCRtTRZmxDVVsCd7q yeuk06h7V/XGw3WtSYo6ynAG5 3AJHtxAE+6hBW1gMIFneIU3J3V enHfnYxktOcXMKfyB8/kDM9mP Xw==</latexit>
[[ , x : ⌧ ` u : ⌧ 0]]
<latexit sha1 _base64="NbFxI0ly1mITswHhF RyAMxsDvgI=">AAACD3icbVDL SsNAFJ3UV42vqhvBzdTiYyElq YLiquBClwq2FpJQbibTduhMEmY mYin+gRt/xY0LRdy6deffOK1Z qPXAhTPn3Mvce8KUM6Ud59MqTE 3PzM4V5+2FxaXlldLqWlMlmSS 0QRKeyFYIinIW04ZmmtNWKimIk NPrsH868q9vqFQsia/0IKWBgG 7MOoyANlK7tOP5ZQ/b/hkIAfu 3J76GzL+JQPVwNn7s2oFfDtqli lN1xsCTxM1JBeW4aJc+/Cghma CxJhyU8lwn1cEQpGaE0zvbzxRN gfShSz1DYxBUBcPxPXd42ygR7 iTSVKzxWP05MQSh1ECEplOA7qm /3kj8z/My3TkOhixOM01j8v1R J+NYJ3gUDo6YpETzgSFAJDO7Y tIDCUSbCG0Tgvv35EnSrFXdg2r t8rBS38jjKKJNtIX2kIuOUB2d owvUQATdo0f0jF6sB+vJerXevl sLVj6zjn7Bev8Ct02acA==</l atexit>
[[Γ , f : τ ` rec f .t : τ]] =
μ
?
[[ , f : ⌧ ` t : ⌧ ]]
<latexit sha1_base64="9Hpv Ql24aMZehsO15cgCssIETtY=">AAACEHicbVA9SwNBEN3zM55fU RvBZmMQLSTcqaCkEiy0VDAq3B1hbrOXLO7eHbtzQgj+BBv/io2F IraWdv4bNx+FGh8MvH1vhp15cS6FQc/7ciYmp6ZnZktz7vzC4t JyeWX1ymSFZrzBMpnpmxgMlyLlDRQo+U2uOahY8uv49qTvX99xb USWXmI355GCdioSwQCt1CxvB2EloG54CkrBblIPEYrwrgWmQ5HW af/pRmElaparXs0bgI4Tf0SqZITzZvkzbGWsUDxFJsGYwPdyjHq gUTDJ792wMDwHdgttHliaguIm6g0OuqdbVmnRJNO2UqQD9edED5 QxXRXbTgXYMX+9vvifFxSYHEU9keYF8pQNP0oKSTGj/XRoS2jOU HYtAaaF3ZWyDmhgaDN0bQj+35PHydVezd+v7V0cVI/XR3GUyAbZ JDvEJ4fkmJyRc9IgjDyQJ/JCXp1H59l5c96HrRPOaGaN/ILz8Q 3tIpqA</latexit>
[[Γ ` t ′ t : τ′]] =
D
<latexit sha1 _base64="MV2w598ygWdtC1Kwp AySZHUwuTo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCHjy2YGuhDWWznbRrN5uwuxF K6C/w4kERr/4kb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrW9sbh W3Szu7e/sH5cOjto5TxbDFYhG rTkA1Ci6xZbgR2EkU0igQ+BCMb 2b+wxMqzWN5byYJ+hEdSh5yRo 2Vmrf9csWtunOQVeLlpAI5Gv3 yV28QszRCaZigWnc9NzF+RpXhT OC01Es1JpSN6RC7lkoaofaz+a FTcmaVAQljZUsaMld/T2Q00noS BbYzomakl72Z+J/XTU147WdcJ qlByRaLwlQQE5PZ12TAFTIjJpZ Qpri9lbARVZQZm03JhuAtv7xK 2rWqd1GtNS8rdZLHUYQTOIVz8 OAK6nAHDWgBA4RneIU359F5cd6 dj0VrwclnjuEPnM8fjn2Mqg== </latexit>
@
<latexit sha1 _base64="EODeSM1dpGiTeNlPb ex3j3ELD5U=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipWR+UK27VXYCsEy8nFcjRGJS /+sOYpRFKwwTVuue5ifEzqgxnA melfqoxoWxCR9izVNIItZ8tDp 2RC6sMSRgrW9KQhfp7IqOR1tMo sJ0RNWO96s3F/7xeasJbP+MyS Q1KtlwUpoKYmMy/JkOukBkxtYQ yxe2thI2poszYbEo2BG/15XXS rlW9q2qteV2pkzyOIpzBOVyCB zdQh3toQAsYIDzDK7w5j86L8+5 8LFsLTj5zCn/gfP4AiG2Mpg== </latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
[[  ` t0 : ⌧ ! ⌧ 0]]
<latexit sha1 _base64="l9zbQEYZWImbfE6OM m0zP9yULV4=">AAACGHicbVDL SgNBEJz1GddX1IvgZTSInuJuF BRPggc9RjAq7C6hdzJJhszsLjO 9kRDyGV78FS8eFPHqzb9x8jj4 KmioqepmuivOpDDoeZ/O1PTM7N x8YcFdXFpeWS2urd+YNNeM11g qU30Xg+FSJLyGAiW/yzQHFUt+G 3fOh/5tl2sj0uQaexmPFLQS0R QM0Er14kEQbgfUDS9AKQi7DTB tinunIUIeatFqI2id3g+fe24Ub kf1YskreyPQv8SfkBKZoFovfo SNlOWKJ8gkGBP4XoZRHzQKJvnA DXPDM2AdaPHA0gQUN1F/dNiA7 lqlQZuptpUgHanfJ/qgjOmp2HY qwLb57Q3F/7wgx+ZJ1BdJliNP 2PijZi4ppnSYEm0IzRnKniXAt LC7UtYGDQxtlq4Nwf998l9yUyn 7h+XK1VHpbHMSR4FskR2yT3xy TM7IJamSGmHkgTyRF/LqPDrPzp vzPm6dciYzG+QHnI8vhrOetw= =</latexit>
[[  ` t : ⌧ ]]
<latexit sha1 _base64="dKlfGs4Mzs79L2u51 /rWMz8JchY=">AAACB3icbVBN S8NAEN34WeNX1IsgyNYieCpJF RRPBQ96VLBaSEKZbLft4m4Sdid CKd68+Fe8eFDEq3/Bm//Gbe1B qw8GHu/NMDMvyaUw6PufztT0zO zcfGnBXVxaXln11tavTFZoxhs sk5luJmC4FClvoEDJm7nmoBLJr 5Obk6F/fcu1EVl6if2cxwq6qe gIBmillrcdRuWQutEpKAXRbRt Mj+JxhFC4cVSOW17Fr/oj0L8kG JMKGeO85X1E7YwViqfIJBgTBn 6O8QA0Cib5nRsVhufAbqDLQ0tT UNzEg9Efd3TXKm3aybStFOlI/ TkxAGVMXyW2UwH2zKQ3FP/zwgI 7R/FApHmBPGXfizqFpJjRYSi0 LTRnKPuWANPC3kpZDzQwtNG5N oRg8uW/5KpWDfartYuDSn1zHEe JbJEdskcCckjq5IyckwZh5J48 kmfy4jw4T86r8/bdOuWMZzbILz jvXyctl3Q=</latexit>
[[Γ ` if u then t1 else t2 : γ]] =
if
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
[[  ` u : Int]]
<latexit sha1_base64="8hh2 NUS3d/VTUzBE0UaxqJMoy2Q=">AAACEXicbVC7SgNBFJ2Nr7i+o jaCzWgQrMKuCopVwELtIpgH7C7h7mSSDJmZXWZmhbDkF2z8FRsL RWzt7PwbJ4/C14ELh3Pu5d574pQzbTzv0ynMzS8sLhWX3ZXVtf WN0uZWQyeZIrROEp6oVgyaciZp3TDDaStVFETMaTMeXIz95h1Vm iXy1gxTGgnoSdZlBIyV2qXDINwLsBteghAQ3nVA93GGz3EowPSV yK+lGblRuBe1S2Wv4k2A/xJ/Rspohlq79BF2EpIJKg3hoHXge6m JclCGEU5HbphpmgIZQI8GlkoQVEf55KMRPrBKB3cTZUsaPFG/T+ QgtB6K2HaOD9W/vbH4nxdkpnsW5UymmaGSTBd1M45Ngsfx4A5Tl Bg+tASIYvZWTPqggBgbomtD8H+//Jc0jir+ceXo5qRc3ZnFUUS7 aB8dIh+doiq6QjVURwTdo0f0jF6cB+fJeXXepq0FZzazjX7Aef 8Ckdibew==</latexit>
[[  ` t1 :  ]]
<latexit sha1_base64="3wOe 4Sll1MKrc9Htw+oy6VZqTKc=">AAACDXicbVDLSsNAFJ3UV42vq BvBzdQquCpJFRRXBRe6rGAfkIRyM522Q2eSMDMplNIfcOOvuHGh iFv37vwbp4+FVg9cOJxzL/feE6WcKe26X1ZuaXlldS2/bm9sbm 3vOLt7dZVkktAaSXgimxEoyllMa5ppTpuppCAiThtR/3riNwZUK pbE93qY0lBAN2YdRkAbqeUc+0HBx3ZwA0JAMGiD6mHd8vAVDroT yQ6DQthyim7JnQL/Jd6cFNEc1ZbzGbQTkgkaa8JBKd9zUx2OQGp GOB3bQaZoCqQPXeobGoOgKhxNvxnjE6O0cSeRpmKNp+rPiREIpY YiMp0CdE8tehPxP8/PdOcyHLE4zTSNyWxRJ+NYJ3gSDW4zSYnmQ 0OASGZuxaQHEog2AdomBG/x5b+kXi55Z6Xy3XmxcjCPI48O0RE6 RR66QBV0i6qohgh6QE/oBb1aj9az9Wa9z1pz1nxmH/2C9fENlV WZOQ==</latexit>
[[  ` t2 :  ]]
<latexit sha1_base64="nHiT oQFqi/CJHOS/uvlIlNjYz/k=">AAACDXicbVDLSsNAFJ3UV42vq BvBzdQquCpJFRRXBRe6rGAfkIRyM522Q2eSMDMplNIfcOOvuHGh iFv37vwbp4+FVg9cOJxzL/feE6WcKe26X1ZuaXlldS2/bm9sbm 3vOLt7dZVkktAaSXgimxEoyllMa5ppTpuppCAiThtR/3riNwZUK pbE93qY0lBAN2YdRkAbqeUc+0HBx3ZwA0JAMGiD6mHdKuMrHHQn kh0GhbDlFN2SOwX+S7w5KaI5qi3nM2gnJBM01oSDUr7npjocgdS McDq2g0zRFEgfutQ3NAZBVTiafjPGJ0Zp404iTcUaT9WfEyMQSg 1FZDoF6J5a9Cbif56f6c5lOGJxmmkak9miTsaxTvAkGtxmkhLNh 4YAkczcikkPJBBtArRNCN7iy39JvVzyzkrlu/Ni5WAeRx4doiN0 ijx0gSroFlVRDRH0gJ7QC3q1Hq1n6816n7XmrPnMPvoF6+Mblu eZOg==</latexit>
For op ∈ {p, r, d,m}: For op ∈ $∪ {a, l}:
[[Γ ` op : τ]] =
!
<latexit sha1 _base64="7bD4DOjZGCiApKOAR e6s9kkcjGo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69rBbBU0mqo MeCF48t2FpoQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCoreNUMWyxWMS qE1CNgktsGW4EdhKFNAoEPgTj2 5n/8IRK81jem0mCfkSHkoecUW Ol5mm/XHGr7hxklXg5qUCORr/ 81RvELI1QGiao1l3PTYyfUWU4E zgt9VKNCWVjOsSupZJGqP1sfu iUnFtlQMJY2ZKGzNXfExmNtJ5E ge2MqBnpZW8m/ud1UxPe+BmXS WpQssWiMBXExGT2NRlwhcyIiSW UKW5vJWxEFWXGZlOyIXjLL6+S dq3qXVZrzatKneRxFOEEzuACP LiGOtxBA1rAAOEZXuHNeXRenHf nY9FacPKZY/gD5/MHWXGMhw== </latexit>
 
<latexit sha1 _base64="LJnd+eo6OtQBwC7fk d492FwL+Ns=">AAAB7nicbVDL SsNAFL2pr1pfVZduBovgqiRV0 GXBjcsK9gFtKJPJTTt0MgkzE6G EfoQbF4q49Xvc+TdO2yy09cDA 4ZxzmXtPkAqujet+O6WNza3tnf JuZW//4PCoenzS0UmmGLZZIhL VC6hGwSW2DTcCe6lCGgcCu8Hkb u53n1BpnshHM03Rj+lI8ogzaq zUHQgbDemwWnPr7gJknXgFqUG B1rD6NQgTlsUoDRNU677npsbPq TKcCZxVBpnGlLIJHWHfUklj1H 6+WHdGLqwSkihR9klDFurviZzG Wk/jwCZjasZ61ZuL/3n9zES3f s5lmhmUbPlRlAliEjK/nYRcITN iagllittdCRtTRZmxDVVsCd7q yeuk06h7V/XGw3WtSYo6ynAG5 3AJHtxAE+6hBW1gMIFneIU3J3V enHfnYxktOcXMKfyB8/kDM9mP Xw==</latexit>
op
<latexit sha1 _base64="e1XGP/Y0qUFcDG4XC 3AO7SSqWYg=">AAAB/nicbVC7S gNBFJ2NrxhfUUubwSBYSNiNhXY GbCyjmAckS5idnU2GzGOZmRWW JWBnY6ufYCe2/oq9YOMP2Dl5FC bxwIXDOfdy7z1BzKg2rvvh5JaW V1bX8uuFjc2t7Z3i7l5Dy0RhUs eSSdUKkCaMClI31DDSihVBPGCk GQwuR37zjihNpbg1aUx8jnqCR hQjY6UbGXeLJbfsjgEXiTclpYu fB/p98klq3eJXJ5Q44UQYzJDWb c+NjZ8hZShmZFjoJJrECA9Qj7Q tFYgT7WfjS4fwyCohjKSyJQwc q38nMsS1TnlgOzkyfT3vjcT/vH ZionM/oyJODBF4sihKGDQSjt6G IVUEG5ZagrCi9laI+0ghbGw4M1 u04UilKhzaZLz5HBZJo1L2Tsu Va7dUhWCCPDgAh+AYeOAMVMEVq IE6wCACj+AJPDv3zovz6rxNWnP OdGYfzMB5/wU2rJs1</latexit >
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
[[Γ ` op : τ]] =
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
 
<latexit sha1_base64="LJnd +eo6OtQBwC7fkd492FwL+Ns=">AAAB7nicbVDLSsNAFL2pr1pfV ZduBovgqiRV0GXBjcsK9gFtKJPJTTt0MgkzE6GEfoQbF4q49Xvc +TdO2yy09cDA4ZxzmXtPkAqujet+O6WNza3tnfJuZW//4PCoen zS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM 03Rj+lI8ogzaqzUHQgbDemwWnPr7gJknXgFqUGB1rD6NQgTlsUo DRNU677npsbPqTKcCZxVBpnGlLIJHWHfUklj1H6+WHdGLqwSkih R9klDFurviZzGWk/jwCZjasZ61ZuL/3n9zES3fs5lmhmUbPlRlA liEjK/nYRcITNiagllittdCRtTRZmxDVVsCd7qyeuk06h7V/XGw 3WtSYo6ynAG53AJHtxAE+6hBW1gMIFneIU3J3VenHfnYxktOcXM KfyB8/kDM9mPXw==</latexit>
op
<latexit sha1_base64="e1XG P/Y0qUFcDG4XC3AO7SSqWYg=">AAAB/nicbVC7SgNBFJ2NrxhfUU ubwSBYSNiNhXYGbCyjmAckS5idnU2GzGOZmRWWJWBnY6ufYCe2/ oq9YOMP2Dl5FCbxwIXDOfdy7z1BzKg2rvvh5JaWV1bX8uuFjc2t7 Z3i7l5Dy0RhUseSSdUKkCaMClI31DDSihVBPGCkGQwuR37zjihN pbg1aUx8jnqCRhQjY6UbGXeLJbfsjgEXiTclpYufB/p98klq3eJX J5Q44UQYzJDWbc+NjZ8hZShmZFjoJJrECA9Qj7QtFYgT7WfjS4f wyCohjKSyJQwcq38nMsS1TnlgOzkyfT3vjcT/vHZionM/oyJODBF 4sihKGDQSjt6GIVUEG5ZagrCi9laI+0ghbGw4M1u04UilKhzaZLz 5HBZJo1L2TsuVa7dUhWCCPDgAh+AYeOAMVMEVqIE6wCACj+AJPD v3zovz6rxNWnPOdGYfzMB5/wU2rJs1</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
 
<latexit sha1_base64="LJnd +eo6OtQBwC7fkd492FwL+Ns=">AAAB7nicbVDLSsNAFL2pr1pfV ZduBovgqiRV0GXBjcsK9gFtKJPJTTt0MgkzE6GEfoQbF4q49Xvc +TdO2yy09cDA4ZxzmXtPkAqujet+O6WNza3tnfJuZW//4PCoen zS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM 03Rj+lI8ogzaqzUHQgbDemwWnPr7gJknXgFqUGB1rD6NQgTlsUo DRNU677npsbPqTKcCZxVBpnGlLIJHWHfUklj1H6+WHdGLqwSkih R9klDFurviZzGWk/jwCZjasZ61ZuL/3n9zES3fs5lmhmUbPlRlA liEjK/nYRcITNiagllittdCRtTRZmxDVVsCd7qyeuk06h7V/XGw 3WtSYo6ynAG53AJHtxAE+6hBW1gMIFneIU3J3VenHfnYxktOcXM KfyB8/kDM9mPXw==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
Figure 9 The translation of TSD terms
Init(G, r) 7→∗ Final(G′, r,X ) for some G′,X . An execution is said to be safe if it terminates
or at any state there is an applicable rule. They are formally defined in Sec. K.
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3.4 Overview of type soundness proofs
In the Appendix we prove a basic theorem of the calculus, namely the Type Soundness
Theorem which states that a well-typed program will not crash. It consists of three
major propositions:
1. Termination of recursion-free programs (Prop.J.9)
2. Progress (Prop.K.3)
3. Preservation (Cor.K.1.1)
In order to prove (1) termination, we first identify a special form of graph, dataflow en-
vironment, which corresponds to a dataflow graph. Intuitively, running any execution
on this graph will always terminate and the graph will remain unchanged (Sec. B).
Moreover, throughout an execution, any cell will always be connected to a dataflow
environment or a constant because of the nature of call-by-value (Sec. D). Therefore
step-propagation always terminates and is confluence (Sec.F). As a result, we can
think of all the non-deterministic propagation sequence as one single transition and
thus making the machine deterministic. After that we can prove termination by using
using a logical predicate (Def. J.1) and proving the fundamental lemma (Lem. J.8). As
for (2) progress and (3) preservation, the proof is simply a case analysis on possible
states.
The key auxiliary concepts used by the soundness proof are:
Definition 3.10 (Term graphs). A term graph is a graph that does not have any
{n}-nodes.
Definition 3.11 (Dataflow environment). A dataflow environment is the largest graph
connecting (in both direction) to all {n}-node and consisting of only {$, if,C , d}-nodes
satisfying the following conditions:
1. the output of any C-node is not connected to a C-node nor a !-box, and
2. the left-output of any if-node is not connected to a !-box, and
3. at least one of the outputs of any $-nodes is not connected to a !-box,
4. the interface cannot be a !-box.
Intuitively a term graph corresponds to a term in the TSD calculus and the dataflow
environment represents the dataflow graph constructed alongside the evaluation a
term. We then define the notion of valid graphs.
With this (details in the Appendix) we can prove that:
Proposition 3.1 (Determinism). The transitions 7→ is deterministic up to equivalence of
propagation sequences.
Theorem 3.2 (Type soundness). Let G : {r : [[τ]]} → ; = [[` t : τ]] for some closed
well-typed term ` t : τ. If t is recursion-free then any execution from Init(G, r) terminates.
Otherwise, the execution of t is at least safe.
Given the formulation of the semantics as an abstract machine we can immediately
conclude that:
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Theorem 3.3 (Efficiency). The following operations can be executed in linear time on
the depth of the dataflow graph: cell creation ({t}), dereferencing, peeking, linking,
assignment, root. The step operation can be executed in linear time on the depth of the
dataflow graph and on the number of cells.
4 An OCaml extension for TSD
Implementation notes We implement TSD as a library module for OCaml, together
with a PPX language extension.⁹ The library serves as an embedded DSL, which is
blended into the host language more seamlessly via the language extension. There
are two implementations, with and without incrementalisation. The implementation
is facilitated by OCaml’s imperative features and its facilities for type-casting. The
in principle efficiency proved as a theoretical result in the preceding section is now
accompanied by a practical, reasonably efficient implementation, as indicated by
several benchmarks.
The cell is implemented as a reference storing the current value and a thunk
representing the dataflow graph. The graph type corresponds to a term in the TSD
calculus and can either be a dependency Thunk, or a Cell. There is also a special
if-then-else graph IF_Thunk, as the behaviour of branching terms is different in the
dataflow graph (both branches are evaluated). The lift function embeds any standard
OCaml term into a graph term. Functions peek, step, link, assign, root work as described
earlier.
Internally, the dependency graph is maintained using a heterogeneous list of all
cells. The Obj module is used to overcome OCaml’s type restrictions. However, the
internal details are inaccessible to the programmer, who may use the module only via
the PPX extension [%dfg t] which translates a pure dataflow term t into a graph. By
pure dataflow, we mean that t does not contain {}, link, assign, root, peek nor step.
These functions are not translated and should be used outside the [%dfg t] tag. The
translation (ð−ñV ) is indexed by a set V of variables bounded in the [%dfg t] tag:
ðxñV = x, (if x /∈ V )
ðxñV = Thunk (fun () -> x), (if x ∈ V )
ðcñV = Thunk (fun () -> c)
ðλx .tñV = Thunk (fun () -> fun x -> peek ðtñV∪{x})
ðt uñV = apply ðtñV ðuñV
ðif c then t else uñV = ite (fun () -> ðtñV ) (fun () -> ðuñV )
The main helper functions are:
apply simulates the application in the TSD calculus,
ite implements the semi-strict behaviour of branching,
9 https://github.com/cwtsteven/TSD
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peek implements propagation.
Their implementations are:
let apply t u = Thunk (fun () -> (peek t) (peek u))
let ite b t1 t2 = let t1 = t1() in let t2 = t2() in IF_Thunk (fun () -> if peek b then t1 else t2)
let rec peek = function
| Thunk t -> t ()
| IF_Thunk t -> peek (t ())
| Cell x -> let (v,_,_) = !x in v
The incremental implementation is similar, except that a graph structure is main-
tained throughout the execution. Incrementalisation is accomplished by marking
certain cells as dirty and only these cells are recomputed in a step.
Comparison to the JS Incremental library Incremental programming has been used
for transparent dataflow programming. We were inspired by this idiom, which we
are generalising. Allowing feedback loops induces profound semantic differences by
requring synchrony. Such differences make any comparison necessarily imperfect. The
most immediate distinction is in terms of stabilisation of the switching network. In
Incremental, stabilisation means that further change propagation would cause no
observable change to the cells. In TSD propagation is carried out until any cell was
updated at most. If the dataflow graph is a DAG then TSD can also achieve stabilisation
in a finite number of steps, by propagating until the step function reports no updates.
Comparison to Reactive ML Semantically TSD is more similar to Reactive ML, which
also has a synchronous model. Therefore the two languages can target similar appli-
cations. However, the fact that Reactive ML is event-based leads to strikingly different
styles of programming. For example, a state machine alternating between on and off,
implemented in TSD in Sec. 2, is implemented as:
let process alternate on o =
let rec process state_on = do halt until o -> run state_o done
and process state_o = do halt until on -> run state_on done
in run state_o
signal on, o
let process main = run alternate on o; emit o; emit on ...
In TSD the prop-tokens serve the role of signals in Reactive ML, and are handled
automatically and implicitly. Moreover, prop-tokens are restricted to edges in the
dataflow graph which act as channels, whereas Reactive ML signals are sent into a
global scope, which makes composition more cumbersome. For example the parallel
composition of a process with itself could not easily discriminate which of the two
instances is emitting a signal. This problem does not appear in TSD.
Comparison to Lucid Synchrone and Zélus These are the most similar languages to
TSD. The main distinction is that TSD is a simplified language for simulations, which
does not require clock types or causality checks. On the other hand TSD offers a more
seamless integration between higher-order functions and the synchronous core. This
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has to be taken with the following caveat. The Lucid Synchrone literature claims that
the language has higher-order functions over signals, although the compiler is too
old to be tested in available current environments. The available Zélus distributions
have the same restriction, although a more advanced and less restricted version of the
compiler lacking this restriction is about to be released.
The Zélus implementation of the example we give in the introduction is remarkably
similar:
To construct the dataflow graph:
let trans (s, i) = 1 - s
let node alt () = state where
rec state = 1 -> trans ((pre state), 0)
let plus (x, y) = x + y
let node sum inp = state where
rec state = 0 -> plus ((pre state), inp)
let node alt_sum () = sum (alt ())
let node main () = alt_sum ()
To run the system we need a separate file:
let main = let mem = Alt_sum.main_alloc () in fun _ -> Alt_sum.main_step mem ();;
let _ = main(); main(); main()
The key distinction is the Zélus defintion of the feedback loop via recursion, versus
the TSD definition in which the same loop is created via assignment.
Benchmarks Even in a semi-naive proof-of-concept implementation performance
is quite good. We made two kinds of tests, against Reactive ML and against JS
Incremental. Reactive ML has a similar model, which allows the programming of
similar applications, but using different styles. In contrast, JS Incremental has a similar
idiom, which allows the comparison of similar-looking programs. However, since JS
Incremental is an implementation of (asynchronous) self-adjusting computation TSD
is strictly more expressive. Both Reactive ML and JS Incremental are OCaml-based, just
like TSD. The former is an ML-like compiler which produces OCaml code, while the
latter is a library and PPX extension. All executables were ultimately produced with
the OCaml compiler version 4.03.0, which makes for a reasonably fair comparison.
On the TSD side we benchmark both the simple and the incrementalised version of
the implementation.
To compare with Reactive ML we used the standard benchmarks in the distribution.
For cellular automata and n-body simulation (planets) we have tested several sizes of
cells/bodies. For finite-state automata the TSD implementation is so much simpler and
faster as a function of number of states that we have tested as a function of run-length
instead, which is more similar. Alt-sum calculates the running sum of an alternating
signal, which were tested with several sizes of inputs. Finite-impulse response (FIR)
filter, infinite-impulse response (IIR) filter and page-ranking algorithms are common
applications that requires delay in the input and feedback. Two implementations
for each of the three programs were tested, naive and optimised. Huge performance
gain was observed in the Page-ranking benchmarks. The former creates plenty of
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intermediates thunks that multiples the inputs and the weights together while the
later simply create a single thunk for dot product. Map, fold-sum and fold-max tested
the efficiency of propagation with small changes to the input. Method (1) creates
intermediate cells during each recursion of the fold while method (2) does not. Since
the cells behave like caches in the dataflow graph therefore the incremental TSD
benefits from method (1) however the TSD performance was worse due to the large
number of cells. In general the TSD performance was similar. The incremental TSD
had similar or worse performance than the unoptimised version since in the presence
of feedback cells never stabilise.
To compare with JS Incremental we tested propagation along three kinds of (cycle-
free) dataflow graphs: long paths (chains), wide shallow graphs (fields), and tree-like
graphs (trees), with small changes to the input. These tests favour JS Incremental’s
model and serves its sophisticated implementation. Unsurprisingly in all these cases
the TSD incremental implementation had a weaker or similar performance, but of the
same magnitude as JS Incremental, whereas the unoptimised version was very slow
on large graphs and unusable on very large graphs.
Finally, the comparison with Zélus was hampered by the unavailability of functions
over signals in the current implementation. The basic alternating-sum example has
slightly better performance in Zélus at large and very large models (about 10% slow-
donw in TSD). One typical Zélus application, a heater simulation, is much faster in
TSD (both naive and memoised implementations), registering over 99% speedup over
Zélus. However, a light controller is about 50% faster in Zélus. Finally, a pendulum
simulation at very large model sizes registers a circa 25% slow-down in TSD. Consid-
ering that Zélus is a special-purpuse simulation language with a native compiler, our
PPS library implementation results are very encouraging.
We can conclude that even as a slightly-optimised proof-of-concept implementation
the performance of TSD is satisfactory. It is comparable to Reactive ML and is in the
ball park with JS Incremental and Zélus– all this while supporting a convenient and
succinct, while still expressive, style of programming.¹⁰
5 Related work
The broadest context of our work is dataflow programming, which has been exten-
sively studied ([24] is a relatively recent, exhaustive survey). Besides the numerous
FRP framework, some of the ideas we present here are particularly prominent in
functional hardware-description languages which allow (meta) programming syn-
chronous dataflow, including in a transparent style if so desired [4]. Advances in
dataflow programming materialised into the success of notable languages such as
Lucid [43] or Lustre [21], but the influence of the dataflow style of programming was
far broader, as seen for example in the popular machine-learning library TensorFlow,
10 Benchmark results in Sec. M, benchmark code at https://github.com/cwtsteven/TSD/tree/
master/benchmarks
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which is presented commonly as a embedded domain specific dataflow language
(EDSL) in Python [1].
We are particularly concerned with dataflow programming in a functional style,
the so-called functional reactive programming [14, 44, 23, 38] which proved to be
especially well suited for Haskell because of its lazy style of computation, its ex-
pressive type system, and syntactic features which allows the convenient design and
implementation of EDSLs ([6] is a recent textbook).
Self-adjusting computation has been introduced by Acar [2] and studied extensively
in recent years. The use of SAC as a transparent dataflow idiom, which features quite
prominently in our motivating introduction, has not been studied formally, although it
has been mentioned [42, 22] and it has been extensively discussed in informal fora.¹¹
The graph-oriented view of computation of DGOIM has been used in modelling
dataflow-oriented languages, such as a functional programming language inspired
by Google’s TensorFlow machine learning library [35, 12]. In general, the Geometry
of Interaction abstract machine [31] which the DGOIM builds on, has its roots in
proof systems for linear logic [19]. It had various applications such as high-level
synthesis of digital circuits [18] or distributed compilation [17]. The DGOIM machine
presented here is most related to that of [37], which is used to give efficient models
for call-by-name and call-by-value evaluations. .
In terms of implementation, SAC is a good match for incremental computation [40],
which is a sophisticated memoisation infrastructure which allows the re-evaluation
of expressions that need to be re-evaluated, thus saving computation (see also [41]
for a survey). As most optimisations, incremental computation relies on a trade-
off between saving the cost of unnecessary re-evaluations on the one hand versus
maintaining the memoisation infrastructure, which is not free [9]. We are providing
two implementations, incremental and non-incremental, and indeed the performance
gains are quite dependent on the particular application.
A somewhat parallel but relevant line of research is the use of temporal type
systems to restrict reactive computation to (space) efficient programs [27, 28, 26]. In
this approach the type of streams remains exposed, so the programmer can write more
expressive, lower-level (in the sense of controlling events and streams) programs,
but such programs must conform to a typing discipline which guarantees certain
space-utilisation constraints. In contrast, our approach is higher-level – less expressive
but more convenient for the unsophisticated programmer. In TSD the complexity
is pushed down to the level of the abstract machine, whereas in loc. cit. a complex
temporal typing discipline is imposed on a conventional operational semantics.
Also related is the significant body of work on synchronous dataflow programming
languages and their semantics (e.g. Esterel [5]) and in particular functional languages
(e.g. Lucid Synchrone [11], a functional version of Lustre [21]). Reactive ML [33] has
in common with the TSD language the fact that they build on the ML language,
as a stand-alone compiler in their case versus a PPX extension in ours. Our work is
11 See e.g. https://blog.janestreet.com/introducing-incremental/
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conceptually related to such languages in the way that SAC is related to (asynchronous)
FRP.
The DGOIM is a graph-rewriting system based on the Geometry of Interaction
(GOI) [19], an interpretation of proofs in linear logic as proof nets [20]. The GOI was
formulated as a compositional operational semantics of communicating transducers
and used to interpret higher-order functional programming languages [31]. The GOI
approach turned out to be particularly useful for compiling conventional languages
to unconventional architectures (such as reconfigurable circuits [18], distributed [17],
or quantum architectures [29]). It has also been used to give strikingly space-efficient
compilation schemes [32] and improved time-efficiency by incorporating graph rewrit-
ing in addition to token-passing [15, 16]. The extension of the GOI machine with
simple rewriting rules, the so-called Dynamic GOI machine has allowed the definition
of an efficient (space and time) abstract machine for CBN, CBV and lazy (a la Haskell)
evaluations [37]. This flexibility and uniformity in representing several evaluation
strategies in the same machine allows a natural specification for languages that re-
quire it, such as TSD. Moreover, the computational intuitions of the approach combine
seamlessly dataflow and higher-order features, making it suitable for the study of
languages that require it, such as TensorFlow [36].
6 Conclusion and further work
In this paper we have introduced a new programming idiom, transparent synchronous
dataflow programming (TSD). This programming idiom is natural, allowing a high-
level of abstraction to be applied to useful synchronous algorithms.
We define TSD using the relatively new diagrammatic operational style of token-
guided graph rewriting. Although inspired by the Geometry of Interaction this dynamic
mechanism is in many a significant departure from the strictures of GOI. It is arguably
intuitive, as the graphical formalism is a natural setting for the study of dataflow,
which it neatly extends with higher-order features. Moreover, it has certain technical
advantages, such as the fine-grained management of sharing or the decomposition of
big syntactic reduction rules into atomic graph manipulations.
The calculus TSD restricts cells to ground type. In order for multi-token (parallel)
propagation to work dataflow graphs must be also pure in the sense that no rewrites
are possible. Our solution is to prevent the presence of lambda-nodes in computation
graphs. This is done for the sake of simplicity. We already know that DGOIM can be
used to give CBN evaluation on a fixed graph including lambda-nodes, so an extension
to higher-order TSD is likely to be possible. On the other hand, extensions with effects
are more problematic as the extension of DGOIM with effects, in general, is a matter
of active research.
Our PPX language extension to OCaml implementing the calculus does not take
advantage of parallel evaluation of propagation or optimisation beyond basic incre-
mentalisation. It is mainly a proof-of-concept implementation that shows that the
ideas are implementable (even naively) without requiring onerous overheads. But
efficient implementations are high on our agenda.
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A Conventions
In the following sections we will denote certain graph compositions by the rules below
which are borrowed from string diagrams.
Composition For any graph G : Λ → (Γ ∪ Ψ) and any graph E : (Γ ∪ Π) → Ω, the
resulting composite graph is denoted by EG : (Λ∪Π)→ (Ψ ∪Ω).
Parallel composition For any graph G : Λ→ Γ and any graph E : Π→ Ω, the resulting
parallel composite graph is denoted by E ⊗ G : (Λ∪Π)→ (Γ ∪Ω).
B Dataow Environments
In this section, we identify a special form of graphs, dataflow environments, which
corresponds to dataflow graph model. We also prove termination for these graphs in
Sec. E.
Definition B.1 (Term graphs). A term graph is a graph that does not have any {n}-
nodes.
Definition B.2 (Dataflow environment). A dataflow environment is the largest graph
connecting (in both direction) to all {n}-node and consisting of only {$, if,C , d}-nodes
satisfying the following conditions:
1. the output of any C-node is not connected to a C-node nor a !-box, and
2. the left-output of any if-node is not connected to a !-box, and
3. at least one of the outputs of any $-nodes is not connected to a !-box,
4. the interface cannot be a !-box.
C Query and Answer
Definition C.1 (Query and answer states). For any graph G : Λ→ Γ , any e ∈ dom(Λ)
any element X in the computation stack and any stacks S and B, the query state
Qry(G, e,S,B) is given by (G, e,↑,,? : S,B,;), while the answer state Ans(G, e,X ,S,B)
is given by (G, e,↓,,X : S,B,;).
Definition C.2 (Initial and final states). For any graph G : Λ→ Γ , any e ∈ dom(Λ) and
any element X in the computation stack, we define the initial states and final states
as Init(G, e) = Qry(G, e,,) and Final(G, e,X ) = Ans(G, e,X ,,) respectively.
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Definition C.3 (Answer sets). We define the answer sets any e : θ as follows:
Anse:Int = {(n,−)}
Anse:Cell = {(n, e)}
Anse:!Int =
¨{(n, g)} if e is connected to a dataflow environment
{(n,−)} otherwise
Anse:Unit = Anse:!Unit = {((),−)}
Anse:κ1→κ2 = Anse:!(κ1→κ2) = {(λ,−)}
Definition C.4 (Termination graphs). For any graph G : Λ→ ; and any input e : κ ∈
dom(Λ), (G, e) ⇓ iff there exists some G′ such that Init(G, e) 7→∗ Final(G′, e,X ) for some
X ∈ Anse.
LemmaC.1 (Stack extension over transitions). For any transitions (G, (e, d, f ,S,B),;) 7→
(G′, (e′, d ′, f ′,S′,B′),;), we also have for any Se,Be, (G, (e, d, f ,SSe,BBe),;) 7→ (G′, (e′, d ′, f ′,S′Se,B′Be),;)
Proof. This is proved by case analysis on all transitions.
Corollary C.1.1 (Termination extending over stacks). For any graph G : Λ→ ; and
any link e : κ ∈ dom(Λ) inside G, if (G, (e, d, f ,S,B),;) 7→∗ (G′, (e′, d ′, f ′,S′,B′),;) then
for any Se,Be we also have (G, (e, d, f ,SSe,BBe),;) 7→∗ (G′, (e′, d ′, f ′,S′Se,B′Be),;)
D Valid States
Definition D.1 (Boxes). The are two kinds of boxes, !-box and µ-box as shown below:
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
µ
<latexit sha1_base64="JfNh HDmiXWSkW51tt1a0oYAngQE=">AAAB6nicbVDLSgNBEOz1GeMr6 tHLYBA8hd0o6DHgxWNE84BkCbOT2WTIzOwy0yuEkE/w4kERr36R N//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo 6bNskM4w2WyMS0I2q5FJo3UKDk7dRwqiLJW9Hodua3nrixItGPO E55qOhAi1gwik566KqsVyr7FX8OskqCnJQhR71X+ur2E5YprpFJ am0n8FMMJ9SgYJJPi93M8pSyER3wjqOaKm7DyfzUKTl3Sp/EiXG lkczV3xMTqqwdq8h1KopDu+zNxP+8TobxTTgROs2Qa7ZYFGeSYE Jmf5O+MJyhHDtCmRHuVsKG1FCGLp2iCyFYfnmVNKuV4LJSvb8q1 0geRwFO4QwuIIBrqMEd1KEBDAbwDK/w5knvxXv3Phata14+cwJ/ 4H3+AFRyjbg=</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
G
<latexit sha1_base64="N9s+ gPR64v1JUHgalLjR6XpLj8A=">AAAB6HicbVDLSgNBEOyNrxhfU S+Cl8EgeAq7UdBjwIMeEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHq J3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+Qf HwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD 2acoB/RgeQhZ9RYqX7XK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJ qnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxbpU/CWNm ShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEB OT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndZrtSvS tWTLI48nMIZXIAH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMM f+B8/gCQoYyl</latexit>
Definition D.2 (Paths). A path is a ordered list of links e0...en such that if ei is the
input of a X -node and ei+1 is the output of the X -node.
Definition D.3 (Reachability). A node X is reachable from a link e if there exists a
path from e to the input of X .
Definition D.4 (Value dags). A value dag is a directed acyclic graph of !-boxes and
C-nodes.
Definition D.5 (Evaluated inputs). An input is evaluated if its reachable graph K can
be decomposed into a dataflow environment E and a value dag V such that K = EV .
Definition D.6 (Valid boxes). A box is valid if it only contains a term graph and if its
primary door is a !-node then it must be connected to either a constant or a λ-node.
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Definition D.7 (Circular requirements). A graph G satisfies the circular requirements
if all its circular paths satisfy one of the following conditions:
1. the path includes the right and left output of a λ/µ-node and all the links and
nodes in this path are only reachable through the respective λ/µ-node,
2. the path includes a {n}-node.
Definition D.8 (Valid graphs). A graph G is valid if it satisfies all the following
conditions:
1. any !-nodes, ?-nodes, µ-nodes must appear in the form of boxes,
2. all boxes are valid,
3. the left-output of a λ-node must either be connected by a C-node without any input
or be reachable from its right output,
4. the output of any C-node or ?-node must be evaluated or connected to a ?-node or
the left-input of a λ-node or another C-node,
5. the output of any {n}-node must be evaluated,
6. it satisfies the circular requirements.
Definition D.9 (Valid positions). For any graph G, a token δ = (e, d, f ,S,B) is said to
have a valid position if it satisfies all the following conditions:
1. if e is inside a !-box, it must be the output of the !-node which has no outer boxes,
2. e is not the input nor output of any ?-node,
3. if e is the left-output or the input of an @-node, d = ↑,
4. if e is the input of output of an D-node, d = ↑.
Definition D.10 (Valid rewrite flags). For any graph G, a token δ = (e, d, f ,S,B) is
said to have a valid rewrite flag if it satisfies one of the following conditions:
1. if f = λ then e must be the input of an λ-node which is connected by the left-output
of an @-node and d = ↑,
2. if f = if then e must be the middle/right-output of an if-node and d = ↑,
3. if f ∈ {!,C} then e must be the output of the respective node and d = ↑,
4. if f = µ then e must be the input of a µ-node and d = ↑,
5. if f ∈ {m, p, r(i), l(i), a(b, i)} then e must be the input of the respective node and
d = ↓,
6. if f ∈ {sp, s} then e must be the input of an s-node with d = ↑ or d = ↓ respectively,
7. f = .
Definition D.11 (Valid stacks). For any graph G and any path e0 . . . en, am eval token
δ = (en, d, f ,S,B) is said to have valid stacks relative to p if valid P’ d S B = true where
P’ is the reverse of P and isValid is defined as follows
isValid :: Path -> Direction -> C-stack -> B-stack -> Boolean
isValid p ↑ (? : S) B = validHist p S B
isValid (en : p) ↓ (X : S) B = X ∈ Ansen and validHist (en : p) S B
isValid _ _ _ _ = false
30
Steven W.T. Cheung, Dan R. Ghica, and Koko Muroya
validHist :: Path -> C-stack -> B-stack -> Boolean
validHist [] [] [] = true
validHist [] _ _ = false
validHist (ei : p) S B =
if |ei| is the left-output of a #-node then
S == X : S' and X |∈ Anse′| and validHist p S' B
where |e′| is the right-output of the #-node
else if |ei| is the middle-output of an |if|-node and |i < n| then
(S == |if0| : S' or S == |if1| : S') and validHist p S' B
else if |ei| is the right-output of an |if|-node and |i < n| then
S == X : S' and X |∈ Anse′| and validHist p S' B
where |e′| is the middle-output of the |if|-node
else if |ei| is the output of a C-node then
B == |ei−1| : B' and validHist p S B'
else
validHist p S B
Definition D.12 (Valid graphs relative to paths). For any graph G, any path p = e0...en
and token (en, d, f ,S,B), G is valid relative to p if it satisfies the following conditions:
1. if en is the output of a !-node, d = ↑ and f =  then this !-node cannot be connected
by a D-node nor a C-node,
2. if en is the input or output of a !-node and d = ↓ then this !-node cannot be connected
by a D-node nor a C-node,
3. there cannot be two consecutive links in p being the output of a C-node except
when d = ↑, f = C and en is the output of a C-node,
4. en must not be only reachable by an λ-node or a µ-node (that is not inside a box)
from its right-output nor its left-input.
Definition D.13 (Valid tokens). For any graph G, any path p = e0...en, a token (en, d, f ,S,B)
is valid relative to p if it has a valid position, a valid rewrite flag, valid stacks relative to
p and G is valid relative to p.
Definition D.14 (Valid prop-tokens). A state pi = (G, (e, d, f ,S,B), P) has valid prop-
tokens if it satisfies all the following conditions:
1. P can only be non-empty when f = sp,
2. every token in P must all be valid relative to a unique non-circular path starting
from a {n}-node.
Definition D.15 (Evaluated requirements). For any graph G, an eval token δ =
(e, d, f ,S,B) satisfies the evaluated requirements if it satisfies the following conditions:
1. if d = ↓, f =  and e : κ then e is evaluated,
2. if e is reachable by an if-node from the middle-output or the right-output, then its
left-output must be evaluated,
3. if e is reachable by an if-node from the right-output and f = , then its middle-
output must be evaluated,
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4. if d = ↓ and e is the input of an ω-node (unary operations) then its output must be
evaluated,
5. if e is reachable by an #-node (binary operations) from the left-output, then its
right-output must be evaluated,
6. if d = ↓ and e is the input of a #-node then all its outputs are evaluated,
7. if e is reachable by an @-node from the left-output, then its right-output must be
evaluated.
Definition D.16 (Valid states). A state pi = (G,δ, P) is valid if G is valid, δ is valid
relative to a non-circular path starting from an input of G, P is valid and it satisfies
the evaluated requirements.
Lemma D.1 (State validity preservation). For any valid state pi, if pi 7→ pi′ then pi is
also valid.
Proof. This is proved by inspecting all possible transitions one-by-one.
For pass transitions and dummy rewrites, we simply needs to check if the resulting
state has valid position, valid rewrite flags valid stacks and valid prop-tokens since
the graph does not change.
As for rewrite transitions, the trickiest part is to prove that the circular requirements
holds, i.e. no arbitrary circular path exists. For example, in the λ@-rewrite, if the
left-input of the λ-node is reachable from its right-output, an arbitrary circular path
would be form only if its left-input is reachable from the right-output of the @-node
which is impossible because all the links in the path must be reachable through the
λ-node which means this part of the graph is isolated from the right-output of the
@-node. The other possible rewrite to create circular path is the l-rewrite. However
a l-rewrite will create a circular path that has a cell in it, as such it conforms to the
requirements. Other requirements are checked accordingly.
Corollary D.1.1. For any valid state pi, if pi 7→ pi′ then pi′ is also valid.
E Termination of Dataow Environments
Proposition E.1 (Termination of dataflow environments). For any valid dataflow
environments E : Λ → ; and any e ∈ dom(Λ), there exists some X ∈ Anse such that
Init(E, e) 7→∗ Final(E, e,X ) such that no rewrites occur.
Proof. This can be proved by induction on the maximum length (n) of the path from
e that stops at any {n}.
Base Case (n= 0). This case is not applicable.
Base Case (n= 1). The only case here would be a single {n}-node which terminates.
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Inductive Step (n = k+ 1). This is proved by case analysis on the possible nodes
connected by e.
Sub-Case e is connected to a $-node, if-node, , C-node or d-node. These cases
are similar and thus we will show the proofs for $-node. Running an execution, we
have:
G$, (e,↑,,? : ,),; 7→ G$, (e1,↑,,? : ,),; (1)
7→∗ G$, (e1,↓,,X : ,),; (2)
7→ G$, (e2,↑,,? : X : ,),; (3)
7→∗ G$, (e2,↓,,Y : X : ,),; (4)
7→ G$, (e,↓, $, (m, g) : ,),; (5)
7→ G$, (e,↓,, (m, g) : ,),; (6)
From (1) to (2) and (3) to (4), since the whole graph is a dataflow environment,
therefore the at least one of the output must be a dataflow environment as well.
On the other hand, if the output is connected to a constant !-box then it obviously
comes back, there fore we apply the induction hypothesis on the remaining graph
and Cor. C.1.1. From (4) to (5) by the definition of dataflow environment, one of the
output must not be connected to a !-box, as such by validity, one of Y,X must be in
the form of (m, g).
F Determinism
In this section we proved that propagation always terminates and produce unique
results and hence the transitions are deterministic up to equivalence of propagation
sequences. The intuition is that all the {n}-nodes are connected to a dataflow en-
vironment therefore as we have proved before that dataflow environment always
terminates and produces the same graph, thus propagation will also terminate.
Lemma F.1 (Termination of prop tokens). For any valid state (G, (r,↑, sp,S,B), [e,↑,? :
,]) where r is the input of an s-node, and e : κ of a {n}-node, there exists a sequence
of transitions (G, (r,↑, sp,S,B), [e,↑,? : ,]) 7→∗ (G, (r,↑, sp,S,B), [e,↓,X : ,]).
Proof. Since by validity, any {n}-node will always be connecting to a dataflow envi-
ronment. Therefore this is simply a consequence of Prop. E.1.
Proposition F.2 (Termination of propagation). For any graph G, any possible sequences
from (G, (e,↑, sp,S,B), InitP) will eventually reach (G, (e,↑, sp,S,B),FinalP( ~X )) for some
~X where e is the input of an s-node.
Proof. This is proved by contradiction. If the sequence does not reach the final state,
there are two possibilities: 1) the sequence is infinite or 2) the sequence reaches a
state which is not final but cannot proceed. For the first case, at least one of sequences
of a prop token is infinite which contradicts Lem. F.1. For the second case, it also
means that one of the prop token is stuck which also contradicts Lem. F.1.
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Lemma F.3 (Diamond property). For any valid state (G,δ, P) if (G,δ, P) 7→ (G,δ, P ′)
and (G,δ, P) 7→ (G,δ, P ′′) then there exists a valid state pi such that (G,δ, P ′) 7→ pi and
(G,δ, P ′′) 7→ pi.
Proof. Since we have (G,δ, P) 7→ (G,δ, P ′) and (G,δ, P) 7→ (G,δ, P ′′), if the states are
producedwith advancing different prop-tokens, i.e. (G,δ, {t1..t i ..t j ..tn}) 7→ (G,δ, {t1..t ′i ..t j ..tn})
and (G,δ, {t1..t i ..t j ..tn}) 7→ (G,δ, {t1..t i ..t ′j ..tn}). Then we can join the two sequence
into (G,δ, {t1..t ′i ..t ′j ..tn}) because the transition does not cause any race conditions.
Proposition F.4 (Confluence of propagation). For any valid state (G,δ, P), if (G,δ, P) 7→∗
(G,δ, P ′) and (G,δ, P) 7→∗ (G,δ, P ′′) then there exists a valid state (G,δ,K) such that
(G,δ, P ′) 7→∗ (G,δ,K) and (G,δ, P ′′) 7→∗ (G,δ,K).
Proof. This is a consequence of Lem. F.3.
Corollary F.4.1. There is exactly one unique final state for any sequence from (G,δ, P).
By using this corollary, all the possible propagation sequences from (G, (e,↑, sp,S,B), InitP)
to (G, (e,↑, sp,S,B),FinalP( ~X )) form an equivalence class.
Definition F.1 (Step-propagation transitions). We replace the transitions in Def. 3.6
by the following transitions respectively:
1. (G, (e,↑,,? : S,B),;) 7→ (G, (e,↑, sp,? : S,B),;)
2. (G, (e,↑, sp,? : S,B),;) 7→ (G′′, (e,↓,, (b,−) : S,B),;) where G′′ and b are obtained
by executing the step-propagation.
Proposition F.5 (Determinism). The machine is deterministic by replacing Def. 3.6
with Def. F.1.
Proof. This is a consequence of Prop. F.2 and Prop. F.4.
In the section below, whenever we talk about transitions, unless otherwise specifies,
we always mean the replaced set of transitions. As a result the set of prop-tokens will
always be empty, thus we will represent the machine state as only G,δ from now on.
G Expansion of Contractions
In this section we proved that if a graph G terminates, then expanding all outter
contractions (C-nodes that are not inside a box) in G will result a graph that has the
same behaviour.
Definition G.1 (U-simulation). A relation R on states is a U-simulation if it satisfies
the following conditions:
1. if pi1 R pi2 and a transition pi1 7→ pi′1 is possible then there exists two states pi′′1 , pi′2
such that pi′1 7→∗ pi′′1 (possibly no transitions), pi2 7→ pi′2 and pi′′1 R pi′2,
2. pi1 R pi2 then if there is no possible transition for pi1 then there is no possible
transition for pi2 as well,
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3. if pi1 R pi2, then pi1 is an ending state if and only if pi2 is an ending state.
Lemma G.1. For any U-simulation R if pi1 R pi2 and pi2 7→∗ pi′2 then there exists a state
pi′1 such that pi1 7→∗ pi′1 and pi′1 R pi′2.
Proof. This is proved by induction on the sequence pi2 7→n pi′2.
Base Case n = 0. Then pi2 = pi′2 and since pi1 R pi2 then we can pick pi′1 = pi1 and
thus it is true.
Inductive Case n= k+1. We need to show that there exists some state pi′1 such that
pi1 7→∗ pi′1 and pi′1 R pi′2. Suppose there is no possible transition from pi1 then because
pi1 R pi2 thus there should not be any transition from pi2 as well which contradicts
the assumption that pi2 7→k+1 pi′2, therefore there must exists a pi′1 such that pi1 7→ pi′1.
As a result, because pi1 R pi2 there exists some pi
′′
1 , pi
∗
2 such that pi
′
1 7→∗ pi′′1 such that
pi′′1 R pi∗2. Since 7→ is deterministic (Prop. F.5) therefore we have pi2 7→ pi∗2 7→k pi′2. By
using the induction hypothesis, there must exists some pi∗1 such that pi′′1 7→∗ pi∗1 and
pi∗1 R pi′2.
Lemma G.2. For any U-simulation R if pi1 R+ pi2 and pi2 7→∗ pi′2 then there exists a state
pi′1 such that pi1 7→∗ pi′1 and pi′1 R+ pi′2.
Proof. This proved by induction on n≥ 1 for pi1 Rn pi2.
Base Case n= 1. This is proved in Lem. G.1.
Inductive Case n = k + 1. We need to show that if pi1 Rkpi2 R pi3 and pi3 7→∗ pi′3
then there exists some pi′1 such that pi1 7→∗ pi′1 and pi1 R+ pi′1. Since pi2 R pi3 by using
Lem. G.1, there exists some pi′2 such that pi2 7→∗ pi′2 and pi′2 R+ pi′3. Now by using
the induction hypothesis on k, there must exists some pi′1 such that pi1 7→∗ pi′1 and
pi′1 R+ pi′2. Thus we have pi′1 R+ pi′3.
Lemma G.3. For any U-simulation R its transitive closure R+ is also a U-simulation.
Proof. We need to show that R+ satisfies the three conditions of a U-simulation.
Case (1). We need to show that if pi1 R
+ pie and a transition pi1 7→ pi′1 is possible
then there exists two states pi′′1 , pi′e such that pi′1 7→∗ pi′′1 , pie 7→ pi′e and pi′′1 R+ pi′e.
Since there must exists a n≥ 1 such that pi1 Rn pie, therefore we can do induction
on n. When n = 1 it is trivially true because pi1 R pie. When n = k+ 1 then we have
pi1 R
k pi2 R pie. Since pi1 R
k pi2 and pi1 7→ pi′1 is possible therefore by using the induction
hypothesis, there exists two states pi′′1 , pi′2 such that pi′1 7→∗ pi′′1 , pi2 7→ pi′2 and pi′′1 R+ pi′2.
Since pi2 R pie and pi2 7→ pi′2, therefore these also exists two states pi′′2 and pi′e such
that pi′2 7→∗ pi′′2 , pie 7→ pi′e and pi′′2 R pi′e. Then by using Lem. G.2, there must exists some
state pi′′′1 such that pi′′1 7→∗ pi′′′1 and pi′′′1 R pi′′2 . Thus pi′′′1 R+ pi′e.
Case (2). We need to show that if pi1 R
+ pie and there is no possible transition from
pi1 then so is pie.
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Since there must exists a n≥ 1 such that pi1 R pi2 R . . . R pin−1 R pie, therefore we
can do induction on n. When n = 1 we have pi1 R pie and thus pie has no possible
transition. When n = k + 1 we have pi1 R pi2 R . . . R pik R pie. Since pi1 R pi2 means
that pi2 has no possible transitions and hence by the induction hypothesis this is true.
Case (3). We need to show that if pi1 R
+ pie then pi0 is an ending state if and only
if pie is an ending state.
Since there must exists a n≥ 1 such that pi1 R pi2 R . . . R pin−1 R pie, therefore we
can do induction on n. When n= 1 it is trivially true because pi1 R pie. When n= k+1
we have pi1 R pi2 R . . . R pik R pie. a) pi1 is an ending state implies pie is an ending
state: Since pi1 R pi2 means that pi2 is also an ending state therefore by the induction
hypothesis, pie is also an ending state. The other direction is similar.
Lemma G.4. For any states pi1, pi2 and an U-simulation R such that pi1 R pi2, then
pi1 7→∗ pie1 ⇐⇒ pi2 7→∗ pie2 for some ending states pie1,pie2.
Proof. For the direction pi1 7→∗ pie1 =⇒ pi2 7→∗ pie2, it can be proved by induction on
the number of sequence pi1 7→n pie1.
Base Case n= 0. Since pi1 = pie1 and pi1 R pi2, therefore pi2 is an ending state.
Inductive Step n = k + 1. We need to show that if pi1 7→k+1 pie1 then there must
exists an ending state pie2 such that pi2 7→∗ pie2.
We can factorise the sequence intopi1 7→ pi′1 7→k pie1. By the definition of U-simulation,
there must exists two states pi′′1 and pi′2 such that pi′1 7→∗ pi′′1 , pi2 7→ pi′2 and pi′′1 R pi′2.
Therefore by determinism, either 1) pi′′1 is an ending state which then by definition pi′2
has to be an ending state or 2) pi′′1 7→i pie1 where i ≤ k and thus by induction hypothesis,
there must exists some state pie2 such that pi
′
2 7→∗ pie2.
For the other direction pi1 7→∗ pie1 ⇐= pi2 7→∗ pie2, it is proved in Lem. G.1.
Definition G.2 (Replacement of contractions). We define a relation ≺ (replace by)
on graphs where ≺ = ≺m ∪ ≺c ∪ ≺i
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where C f is the largest forest of C-nodes connected, and the C-node on the left-hand-
side of ≺c has more than one inputs.
Definition G.3. We define a binary relation ≺ˆ on valid states such that for any graph
context G [], (G [G1],δ1) ≺ˆ (G [G2],δ2) if G1 ≺ G2 where the bottom C-node is not
36
Steven W.T. Cheung, Dan R. Ghica, and Koko Muroya
connected by another C-node, or G1 = G2, δ1 = δ2, the position of the main token is
in G . Note that if C f is empty, then the only inputs for G1 would be the inputs of the
C-node.
Lemma G.5. ≺ˆ is a U-simulation.
Proof. This is proved by analysing all the possible transitions one-by-one. In some of
the following cases, we will only show the part of the graph that matters.
Case when token is inside G excluding the border. If it is a pass transition or a
dummy rewrite, then we also have the exact same transition on the right-hand-side.
If it is a rewrite transition then it depends on whether it involves any of the holes. If
not then it is trivial. If yes, then it must be one of the following cases (other cases are
disproved by validity): (1)
(
l
m
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
e
<latexit sha1 _base64="PzCZH4KgMDy+7iYwh PTZIxyYHrE=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipiYNyxa26C5B14uWkAjkag/J XfxizNEJpmKBa9zw3MX5GleFM4 KzUTzUmlE3oCHuWShqh9rPFoT NyYZUhCWNlSxqyUH9PZDTSehoF tjOiZqxXvbn4n9dLTXjrZ1wmq UHJlovCVBATk/nXZMgVMiOmllC muL2VsDFVlBmbTcmG4K2+vE7a tap3Va01ryt1ksdRhDM4h0vw4 AbqcA8NaAEDhGd4hTfn0Xlx3p2 PZWvByWdO4Q+czx/AgYzL</la texit>
G
h
!
<latexit sha1 _base64="7bD4DOjZGCiApKOAR e6s9kkcjGo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69rBbBU0mqo MeCF48t2FpoQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCoreNUMWyxWMS qE1CNgktsGW4EdhKFNAoEPgTj2 5n/8IRK81jem0mCfkSHkoecUW Ol5mm/XHGr7hxklXg5qUCORr/ 81RvELI1QGiao1l3PTYyfUWU4E zgt9VKNCWVjOsSupZJGqP1sfu iUnFtlQMJY2ZKGzNXfExmNtJ5E ge2MqBnpZW8m/ud1UxPe+BmXS WpQssWiMBXExGT2NRlwhcyIiSW UKW5vJWxEFWXGZlOyIXjLL6+S dq3qXVZrzatKneRxFOEEzuACP LiGOtxBA1rAAOEZXuHNeXRenHf nY9FacPKZY/gD5/MHWXGMhw== </latexit>
?
<latexit sha1 _base64="s9I1xHA5Mpp41qKte b9FbOR0LvY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo DcLXjy2YGuhDWWznbRrN5uwuxF K6C/w4kERr/4kb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrW9sbh W3Szu7e/sH5cOjto5TxbDFYhG rTkA1Ci6xZbgR2EkU0igQ+BCMb 2f+wxMqzWN5byYJ+hEdSh5yRo 2Vmjf9csWtunOQVeLlpAI5Gv3 yV28QszRCaZigWnc9NzF+RpXhT OC01Es1JpSN6RC7lkoaofaz+a FTcmaVAQljZUsaMld/T2Q00noS BbYzomakl72Z+J/XTU147WdcJ qlByRaLwlQQE5PZ12TAFTIjJpZ Qpri9lbARVZQZm03JhuAtv7xK 2rWqd1GtNS8rdZLHUYQTOIVz8 OAK6nAHDWgBA4RneIU359F5cd6 dj0VrwclnjuEPnM8fhumMpQ== </latexit>
k
<latexit sha1 _base64="hVyIH/o/DRDyVhO8U T2MmdJ1yxY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipORmUK27VXYCsEy8nFcjRGJS /+sOYpRFKwwTVuue5ifEzqgxnA melfqoxoWxCR9izVNIItZ8tDp 2RC6sMSRgrW9KQhfp7IqOR1tMo sJ0RNWO96s3F/7xeasJbP+MyS Q1KtlwUpoKYmMy/JkOukBkxtYQ yxe2thI2poszYbEo2BG/15XXS rlW9q2qteV2pkzyOIpzBOVyCB zdQh3toQAsYIDzDK7w5j86L8+5 8LFsLTj5zCn/gfP4AyZmM0Q== </latexit>
,h,↑, !,S, k : B) 7→ ( G Gh
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
k
<latexit sha1_base64="hVyI H/o/DRDyVhO8UT2MmdJ1yxY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTV uue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9K Qhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmM y/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pk zyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/g fP4AyZmM0Q==</latexit>
l
m
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
,h,↑, !,S,B)
vs
( e
<latexit sha1 _base64="PzCZH4KgMDy+7iYwh PTZIxyYHrE=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipiYNyxa26C5B14uWkAjkag/J XfxizNEJpmKBa9zw3MX5GleFM4 KzUTzUmlE3oCHuWShqh9rPFoT NyYZUhCWNlSxqyUH9PZDTSehoF tjOiZqxXvbn4n9dLTXjrZ1wmq UHJlovCVBATk/nXZMgVMiOmllC muL2VsDFVlBmbTcmG4K2+vE7a tap3Va01ryt1ksdRhDM4h0vw4 AbqcA8NaAEDhGd4hTfn0Xlx3p2 PZWvByWdO4Q+czx/AgYzL</la texit>
G
h
!
<latexit sha1 _base64="7bD4DOjZGCiApKOAR e6s9kkcjGo=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69rBbBU0mqo MeCF48t2FpoQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCoreNUMWyxWMS qE1CNgktsGW4EdhKFNAoEPgTj2 5n/8IRK81jem0mCfkSHkoecUW Ol5mm/XHGr7hxklXg5qUCORr/ 81RvELI1QGiao1l3PTYyfUWU4E zgt9VKNCWVjOsSupZJGqP1sfu iUnFtlQMJY2ZKGzNXfExmNtJ5E ge2MqBnpZW8m/ud1UxPe+BmXS WpQssWiMBXExGT2NRlwhcyIiSW UKW5vJWxEFWXGZlOyIXjLL6+S dq3qXVZrzatKneRxFOEEzuACP LiGOtxBA1rAAOEZXuHNeXRenHf nY9FacPKZY/gD5/MHWXGMhw== </latexit>
?
<latexit sha1 _base64="s9I1xHA5Mpp41qKte b9FbOR0LvY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo DcLXjy2YGuhDWWznbRrN5uwuxF K6C/w4kERr/4kb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrW9sbh W3Szu7e/sH5cOjto5TxbDFYhG rTkA1Ci6xZbgR2EkU0igQ+BCMb 2f+wxMqzWN5byYJ+hEdSh5yRo 2Vmjf9csWtunOQVeLlpAI5Gv3 yV28QszRCaZigWnc9NzF+RpXhT OC01Es1JpSN6RC7lkoaofaz+a FTcmaVAQljZUsaMld/T2Q00noS BbYzomakl72Z+J/XTU147WdcJ qlByRaLwlQQE5PZ12TAFTIjJpZ Qpri9lbARVZQZm03JhuAtv7xK 2rWqd1GtNS8rdZLHUYQTOIVz8 OAK6nAHDWgBA4RneIU359F5cd6 dj0VrwclnjuEPnM8fhumMpQ== </latexit>
l
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
k
<latexit sha1 _base64="hVyIH/o/DRDyVhO8U T2MmdJ1yxY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipORmUK27VXYCsEy8nFcjRGJS /+sOYpRFKwwTVuue5ifEzqgxnA melfqoxoWxCR9izVNIItZ8tDp 2RC6sMSRgrW9KQhfp7IqOR1tMo sJ0RNWO96s3F/7xeasJbP+MyS Q1KtlwUpoKYmMy/JkOukBkxtYQ yxe2thI2poszYbEo2BG/15XXS rlW9q2qteV2pkzyOIpzBOVyCB zdQh3toQAsYIDzDK7w5j86L8+5 8LFsLTj5zCn/gfP4AyZmM0Q== </latexit>
,h,↑, !,S, k : B) 7→ ( G Gh
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
!
<latexit sha1_base64="7bD4 DOjZGCiApKOARe6s9kkcjGo=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69rBbBU0mqoMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+f CoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem 0mCfkSHkoecUWOl5mm/XHGr7hxklXg5qUCORr/81RvELI1QGiao 1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZK GzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExG T2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVZrzatKn eRxFOEEzuACPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD 5/MHWXGMhw==</latexit>
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
?
<latexit sha1_base64="s9I1 xHA5Mpp41qKteb9FbOR0LvY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoDcLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4k b/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5c Ojto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5b yYJ+hEdSh5yRo2Vmjf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5 PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8rd ZLHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEP nM8fhumMpQ==</latexit>
k
<latexit sha1_base64="hVyI H/o/DRDyVhO8UT2MmdJ1yxY=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTV uue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9K Qhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmM y/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pk zyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/g fP4AyZmM0Q==</latexit>
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
l
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
,h,↑, !,S,B)
(2) we have C[CC] vs C[C] where the token is at the top of the highest C-node. In this
case by validity, the current execution path does not contain any inputs or outputs of
from the hole.
And (3) we have ?G![(C f )(?G!)C] vs ?G![C( ~?G!)]. In this case copying the upper
!-box using a C-node in C f will still result in a forest of C-nodes and so it is fine.
Case when token is at the border with G1 ≺m G2. We proved this by analysing
all the possible cases.
Sub-Cases when token is at an input with d = ↑ and f 6= . These cases induce
rewrites in the ambient graph that do not affects the hole and thus they have one-to-
one correspondence.
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Sub-Case when token is at an input with d = ↑ and f = . Since l cannot be
connected to another C-node therefore we have only two cases: (1)
(G [
l
m
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
e
<latexit sha1 _base64="PzCZH4KgMDy+7iYwh PTZIxyYHrE=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipiYNyxa26C5B14uWkAjkag/J XfxizNEJpmKBa9zw3MX5GleFM4 KzUTzUmlE3oCHuWShqh9rPFoT NyYZUhCWNlSxqyUH9PZDTSehoF tjOiZqxXvbn4n9dLTXjrZ1wmq UHJlovCVBATk/nXZMgVMiOmllC muL2VsDFVlBmbTcmG4K2+vE7a tap3Va01ryt1ksdRhDM4h0vw4 AbqcA8NaAEDhGd4hTfn0Xlx3p2 PZWvByWdO4Q+czx/AgYzL</la texit>
], l,↑,,S,B) 7→4 (G [
l
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
], e,↑,C ,S, l : B)
vs
(G [
l
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
e
<latexit sha1 _base64="PzCZH4KgMDy+7iYwh PTZIxyYHrE=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipiYNyxa26C5B14uWkAjkag/J XfxizNEJpmKBa9zw3MX5GleFM4 KzUTzUmlE3oCHuWShqh9rPFoT NyYZUhCWNlSxqyUH9PZDTSehoF tjOiZqxXvbn4n9dLTXjrZ1wmq UHJlovCVBATk/nXZMgVMiOmllC muL2VsDFVlBmbTcmG4K2+vE7a tap3Va01ryt1ksdRhDM4h0vw4 AbqcA8NaAEDhGd4hTfn0Xlx3p2 PZWvByWdO4Q+czx/AgYzL</la texit>
], l,↑,,S,B) 7→ (G [
l
C
<latexit sha1_base64="Y7BE P0w6VGYqi9NNiv2IlT0rGTI=">AAAB6HicbVBNS8NAEJ34WetX1 aOXxSJ4KkkV9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y 5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dH La1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDm SboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG1 7nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljR kof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJv OvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pRrJ I+jAOdwAVfgwS3U4B4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9w Pn8AjPmMqQ==</latexit>
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
], e,↑,C ,S, l : B)
and (2)
(
l
m
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
C
<latexit sha1 _base64="Y7BEP0w6VGYqi9NNi v2IlT0rGTI=">AAAB6HicbVBN S8NAEJ34WetX1aOXxSJ4KkkV9 FjoxWML9gPaUDbbSbt2swm7G6G E/gIvHhTx6k/y5r9x2+agrQ8G Hu/NMDMvSATXxnW/nY3Nre2d3c Jecf/g8Oi4dHLa1nGqGLZYLGL VDahGwSW2DDcCu4lCGgUCO8GkP vc7T6g0j+WDmSboR3QkecgZNV Zq1gelsltxFyDrxMtJGXI0BqW v/jBmaYTSMEG17nluYvyMKsOZw Fmxn2pMKJvQEfYslTRC7WeLQ2 fk0ipDEsbKljRkof6eyGik9TQK bGdEzVivenPxP6+XmvDOz7hMU oOSLReFqSAmJvOvyZArZEZMLaF McXsrYWOqKDM2m6INwVt9eZ20 qxXvulJt3pRrJI+jAOdwAVfgw S3U4B4a0AIGCM/wCm/Oo/PivDs fy9YNJ585gz9wPn8AjPmMqQ== </latexit>
e
<latexit sha1 _base64="PzCZH4KgMDy+7iYwh PTZIxyYHrE=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipiYNyxa26C5B14uWkAjkag/J XfxizNEJpmKBa9zw3MX5GleFM4 KzUTzUmlE3oCHuWShqh9rPFoT NyYZUhCWNlSxqyUH9PZDTSehoF tjOiZqxXvbn4n9dLTXjrZ1wmq UHJlovCVBATk/nXZMgVMiOmllC muL2VsDFVlBmbTcmG4K2+vE7a tap3Va01ryt1ksdRhDM4h0vw4 AbqcA8NaAEDhGd4hTfn0Xlx3p2 PZWvByWdO4Q+czx/AgYzL</la texit>
k
<latexit sha1 _base64="hVyIH/o/DRDyVhO8U T2MmdJ1yxY=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCF48t2A9oQ9lsJ+3azSbsboQ S+gu8eFDEqz/Jm//GbZuDtj4Y eLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3 dzvPKHSPJYPZpqgH9GR5CFn1F ipORmUK27VXYCsEy8nFcjRGJS /+sOYpRFKwwTVuue5ifEzqgxnA melfqoxoWxCR9izVNIItZ8tDp 2RC6sMSRgrW9KQhfp7IqOR1tMo sJ0RNWO96s3F/7xeasJbP+MyS Q1KtlwUpoKYmMy/JkOukBkxtYQ yxe2thI2poszYbEo2BG/15XXS rlW9q2qteV2pkzyOIpzBOVyCB zdQh3toQAsYIDzDK7w5j86L8+5 8LFsLTj5zCn/gfP4AyZmM0Q== </latexit>
C
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Sub-Case when token is at an input and d = ↓. By validity, the only possible case
is when the token is at an input of the upper C-node that is not m and a transition
takes the token away from the border to G which will be the same transition for the
right-hand-side.
Sub-Case when token is at an output and d = ↑. It is similar to the case when
token is at the input with d = ↑. The possible transition would either be a rewrite of
the hole or if the upper C-node is connected by another C-node then it would be a
rewrite of those two. It can also be the case that f =  and any possible transitions
will take the token back to the context.
Sub-Case when token is at an output and d = ↓. By validity, B = j : B′ such that
j 6= m, as such the token goes back to an input that is not from the lower C-node.
Case when the token is at the border of G1 ≺c G2. We proved this by analysing
all possible cases.
Sub-Case when token is at an input and d = ↑. We have (1) the token is at one
of the inputs of the bottom C-nodes, and (2) the token is at one of the inputs of C f .
These two cases are proved similarly as the ≺c-cases.
Sub-Case when the token is at the bottom and d = ↓. By validity the token
cannot be at one of the inputs of the C-node, so the only case is when the token is
at one of the inputs of C f . Any possible transitions will take the token back into the
ambient graph and the right-hand-side will have the same transition.
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Sub-Case when the token is at the top. By validity, the possible cases would
be that the path does not incudes the !-box nor the C-node. So it would either be
a rewrites inside the C f or a transition that takes the token back to the ambient graph.
Case when token is at the border of G1 ≺e G2. The only possible cases are when
the token is at the bottomwith d = ↑ and it follows the same idea as previous cases.
Proposition G.6. For any graphs H1,H2 : Λ→ ;, if H1 ≺+ H2 then for any e ∈ dom(Λ),
(H1, e) ⇓⇐⇒ (H2, e) ⇓ where ≺+ is the transitive closure of ≺.
Proof. Since Init(H1, e) ≺ˆ+ Init(H2, e) therefore this is simply a consequence of Lem. G.5,
Lem. G.3 and Lem. G.4.
H Replacing dataow environments
In this section we prove that for any term graph G, if there exists a dataflow environ-
ment E such that the combined graph EG terminates, then any dataflow environment
combined to G will also terminate. The idea is that a dataflow environment is nothing
more that a generalised constant which cannot be copied. Therefore the execution of
the graph with replaced environment can be simulated by the one that is terminating
and thus it will also terminates. This is proved by simulation.
Definition H.1 (D-simulation). A binary relation R on valid states is a D-simulation if
it satisfies the following two conditions:
1. if pi1 R pi2 and a transition pi1 7→ pi′1 is possible then either
a. there exists a state pi′2 such that pi2 7→ pi′2 and pi′1 R pi′2, or
b. there exists two states pi′′1 and pi′2 such that pi′1 7→∗ pi′′1 , pi2 7→+ pi′2 and pi′′1 R pi′2,
2. if pi1 R pi2 then if there is no possible transition for pi1 then there is no possible
transition for pi2,
3. if pi1 R pi2, then pi1 is an ending state if and only if pi2 is an ending state.
Lemma H.1. For any states pi1,pi2 and a D-simulation R such that pi1 R pi2 then pi1 7→∗
pie1 ⇐⇒ pi2 7→∗ pie2 for some ending states pie1,pie2.
Proof. For the direction pi1 7→∗ pie1 =⇒ pi2 7→∗ pie2, it can be proved by induction on
the number of sequence pi1 7→n pie1.
Base Case n= 0. Since pi1 = pie1 and pi1 R pi2, therefore pi2 is an ending state.
Inductive Step n = k + 1. We need to show that if pi1 7→k+1 pie1 then there must
exists an ending state pie2 such that pi2 7→∗ pie2. We can factorise the sequence into
pi1 7→ pi′1 7→k pie1. By the definition of D-simulation, either (a) there exists a state pi′2
such that pi2 7→ pi′2 and pi′1 R pi′2, or (b) there exists two states pi′′1 and pi′2 such that
pi′1 7→∗ pi′′1 , pi2 7→+ pi′2 and pi′′1 R pi′2,
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For (a), since pi′1 R pi′2, therefore by induction hypothesis, there must exists an
ending state pie2 such that pi
′
2 7→∗ pie2. Then by determinism, we have that pi2 7→∗ pie2.
(b) is proved similarly.
For the other direction pi1 7→∗ pie1 ⇐= pi2 7→∗ pie2, it can be proved by induction on
the number of transitions in pi2 7→∗ pie2.
Base Case n= 0. Since pi2 = pie2 and pi1 R pi2, therefore pi1 is an ending state.
Inductive Step n = k + 1. We need to show that if pi2 7→k+1 pie2 then there must
exists an ending state pie1 such that pi1 7→∗ pie1. Now we can prove this by contradiction.
Suppose pi1 never reaches a final state then there are two possibilities: (1) there is no
possible transition for pi1 but that would mean that there is no possible transition for
pi2 as well which leads to contradiction; (2) there exists a state pi
′
1 such that pi1 7→ pi′1.
Then by using the definition of Ue-simulation, we have either (a) there exists a state
pi′2 such that pi2 7→ pi′2 and pi′1 R pi′2, or (b) there exists two states pi′′1 and pi′2 such that
pi′1 7→∗ pi′′1 , pi2 7→+ pi′2 and pi′′1 R pi′2.
For (a), since pi′1 R pi′2, and by determinism, we have pi′2 7→∗ pie2. Therefore by
induction hypothesis, there must exists an ending state pie1 such that pi
′
1 7→∗ pie1 which
leads to a contradiction. The proof for (b) is similar.
Definition H.2. We define a relation ≺ˆE on valid states such that
(H1, e1, d1, f1,S1,B1,;) ≺ˆE (H2, e2, d2, f2,S2,B2,;)
if and only if they satisfies the following condition:
1. H1 and H2 can be decomposed into E1G1 and E2G2 such that E1, E2 are dataflow
environments and G1,G2 are term graphs where G1 = G2, and
2. e1 = e2 where e1 is in G1 including the border between G1 and E1, d1 = d2, f1 = f2,
B1 = B2, and
3. if d = ↓ and e is not connected to a dataflow environment then S1 = S2.
Lemma H.2. The relation ≺ˆE is a D-simulation.
Proof. This is proved by case analysis on all possible transitions one-by-one.
Case e1 is inside G1. When the token is in G1, any transition that does not involve
the dataflow environment will have a one-to-one simulation. The tricky case is the
if-node when the condition is connected to a dataflow environment where the token
will not be subjected to usual if-laws but will evaluate the true branch first then the
else branch.
Case e1 is in the border between E1 and G1 with d = ↑. Let X be the node
connected by e1 and Y be the node connected by e2:
Sub-Case X ∈ {$, if, {n}} and Y ∈ {$, if, {n}}. For these cases there is not any possible
rewrites in both cases and as such the token will come back with a result by Prop. E.1
and Cor. C.1.1.
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Sub-Case X = C and Y ∈ {$, if, {n}}. When X is not connected by another C-node
then it follows the same idea as the previous case. However when X is connected by a
C-node, it will induce a rewrite as shown below.
C
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<latexit sha1_base64="i52s ft8PAQ6wUK3aoXM/QlAPt3o=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LBbRU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz0gOf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5 PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWrWqd1mt3V9V6 iSPowgncAoX4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/ cD5/ACD1jPw=</latexit>
E1
<latexit sha1 _base64="+DrcZNrX00k852+yi F/8oN4mH9A=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCCB4r2g9oQ9lsJ+3SzSbsboQ S+hO8eFDEq7/Im//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCopeNUMWyyWMS qE1CNgktsGm4EdhKFNAoEtoPxz cxvP6HSPJaPZpKgH9Gh5CFn1F jp4bbv9csVt+rOQVaJl5MK5Gj 0y1+9QczSCKVhgmrd9dzE+BlVh jOB01Iv1ZhQNqZD7FoqaYTaz+ anTsmZVQYkjJUtachc/T2R0Ujr SRTYzoiakV72ZuJ/Xjc14bWfc ZmkBiVbLApTQUxMZn+TAVfIjJh YQpni9lbCRlRRZmw6JRuCt/zy KmnVqt5FtXZ/WamTPI4inMApn IMHV1CHO2hAExgM4Rle4c0Rzov z7nwsWgtOPnMMf+B8/gC1A41P </latexit>
G1
<latexit sha1 _base64="Z3TgsBexIKkf3L016 2XsCkWzaoc=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCBz1WtB/QhrLZTtqlm03Y3Qg l9Cd48aCIV3+RN/+N2zYHbX0w 8Hhvhpl5QSK4Nq777RTW1jc2t4 rbpZ3dvf2D8uFRS8epYthksYh VJ6AaBZfYNNwI7CQKaRQIbAfjm 5nffkKleSwfzSRBP6JDyUPOqL HSw23f65crbtWdg6wSLycVyNH ol796g5ilEUrDBNW667mJ8TOqD GcCp6VeqjGhbEyH2LVU0gi1n8 1PnZIzqwxIGCtb0pC5+nsio5HW kyiwnRE1I73szcT/vG5qwms/4 zJJDUq2WBSmgpiYzP4mA66QGTG xhDLF7a2EjaiizNh0SjYEb/nl VdKqVb2Lau3+slIneRxFOIFTO AcPrqAOd9CAJjAYwjO8wpsjnBf n3flYtBacfOYY/sD5/AG4D41R </latexit>
G2
<latexit sha1_base64="SoQf eJvPGpfgWkPHoYiBUIw7CD4=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCBz1WtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+R N/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+f CoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqE ScJ9yM6VCIUjKKVHm77tX654lbdOcgq8XJSgRyNfvmrN4hZGnGF TFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsb alkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQ RjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1dr9Z aVO8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx /IHz+QO5k41S</latexit>
E2
<latexit sha1_base64="Gj6/ FI0TcO8ujxZpD37mORT3Mzw=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfH jUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1i JOE+xEdKhEKRtFKD7f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhC JqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWN tSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSo Ixmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVb2Lau3+s lIneRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY /sD5/AG2h41Q</latexit>
Y
C
l
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
e0
<latexit sha1_base64="i52s ft8PAQ6wUK3aoXM/QlAPt3o=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LBbRU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz0gOf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5 PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWrWqd1mt3V9V6 iSPowgncAoX4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/ cD5/ACD1jPw=</latexit>
7!
2
<latexit sha1_base64="r6VMiI0paoRE+Ew5x68/pye3qn8=">AAAB8HicbVDLSgNBEOz1GeMr6kXwMhgET2E3CnoMePEYwTwkWcPsZDYZMo9lZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSjgz1ve/vZXVtfWNzcJWcXtnd2+/dHDYNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCXv7TihocADyWJGsHXSQ1fgxFj1WO2Vyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCzpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpVivBRaV6d1muHedxFOAETuEcAriCGtxCHRpAQMAzvMKbp70X7937mLeuePnMEfyB9/kDqWyQLg==</latexit>
C
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
e0
<latexit sha1_base64="i52s ft8PAQ6wUK3aoXM/QlAPt3o=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LBbRU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz0gOf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5 PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWrWqd1mt3V9V6 iSPowgncAoX4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/ cD5/ACD1jPw=</latexit>
E1
<latexit sha1 _base64="+DrcZNrX00k852+yi F/8oN4mH9A=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCCB4r2g9oQ9lsJ+3SzSbsboQ S+hO8eFDEq7/Im//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCopeNUMWyyWMS qE1CNgktsGm4EdhKFNAoEtoPxz cxvP6HSPJaPZpKgH9Gh5CFn1F jp4bbv9csVt+rOQVaJl5MK5Gj 0y1+9QczSCKVhgmrd9dzE+BlVh jOB01Iv1ZhQNqZD7FoqaYTaz+ anTsmZVQYkjJUtachc/T2R0Ujr SRTYzoiakV72ZuJ/Xjc14bWfc ZmkBiVbLApTQUxMZn+TAVfIjJh YQpni9lbCRlRRZmw6JRuCt/zy KmnVqt5FtXZ/WamTPI4inMApn IMHV1CHO2hAExgM4Rle4c0Rzov z7nwsWgtOPnMMf+B8/gC1A41P </latexit>
G1
<latexit sha1 _base64="Z3TgsBexIKkf3L016 2XsCkWzaoc=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCBz1WtB/QhrLZTtqlm03Y3Qg l9Cd48aCIV3+RN/+N2zYHbX0w 8Hhvhpl5QSK4Nq777RTW1jc2t4 rbpZ3dvf2D8uFRS8epYthksYh VJ6AaBZfYNNwI7CQKaRQIbAfjm 5nffkKleSwfzSRBP6JDyUPOqL HSw23f65crbtWdg6wSLycVyNH ol796g5ilEUrDBNW667mJ8TOqD GcCp6VeqjGhbEyH2LVU0gi1n8 1PnZIzqwxIGCtb0pC5+nsio5HW kyiwnRE1I73szcT/vG5qwms/4 zJJDUq2WBSmgpiYzP4mA66QGTG xhDLF7a2EjaiizNh0SjYEb/nl VdKqVb2Lau3+slIneRxFOIFTO AcPrqAOd9CAJjAYwjO8wpsjnBf n3flYtBacfOYY/sD5/AG4D41R </latexit>
G2
<latexit sha1_base64="SoQf eJvPGpfgWkPHoYiBUIw7CD4=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCBz1WtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+R N/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+f CoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqE ScJ9yM6VCIUjKKVHm77tX654lbdOcgq8XJSgRyNfvmrN4hZGnGF TFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsb alkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQ RjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1dr9Z aVO8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx /IHz+QO5k41S</latexit>
E2
<latexit sha1_base64="Gj6/ FI0TcO8ujxZpD37mORT3Mzw=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfH jUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1i JOE+xEdKhEKRtFKD7f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhC JqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWN tSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSo Ixmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVb2Lau3+s lIneRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY /sD5/AG2h41Q</latexit>
Y
C
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
e0
<latexit sha1_base64="i52s ft8PAQ6wUK3aoXM/QlAPt3o=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LBbRU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz0gOf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5 PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWrWqd1mt3V9V6 iSPowgncAoX4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/ cD5/ACD1jPw=</latexit>
vs
vs
7!<latexit sha1_base64="PIX9iWPqYjFN0rNrYX5swGAxKKI=">AAAB7nicbVDLSgNBEJz1GeMr6kXwMhgET2E3CnoMePEYwTwgWcLsZDYZMi9meoUQ8hFePCji1e/x5t84SfagiQUNRVU33V2JEdxBGH4Ha+sbm1vbhZ3i7t7+wWHp6LjpdGYpa1AttG0nxDHBFWsAB8HaxjIiE8Fayehu5reemHVcq0cYGxZLMlA85ZSAl1pdSYwD3SuVw0o4B14lUU7KKEe9V/rq9jXNJFNABXGuE4UG4gmxwKlg02I3c8wQOiID1vFUEclcPJmfO8UXXunjVFtfCvBc/T0xIdK5sUx8pyQwdMveTPzP62SQ3sYTrkwGTNHFojQTGDSe/Y773DIKYuwJoZb7WzEdEkso+ISKPoRo+eVV0qxWoqtK9eG6XDvN4yigM3SOLlGEblAN3aM6aiCKRugZvaK3wAQvwXvwsWhdC/KZE/QHwecPfv2Pig==</latexit>
C
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
e0
<latexit sha1_base64="i52s ft8PAQ6wUK3aoXM/QlAPt3o=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LBbRU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz0gOf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5 PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWrWqd1mt3V9V6 iSPowgncAoX4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/ cD5/ACD1jPw=</latexit>
E1
<latexit sha1 _base64="+DrcZNrX00k852+yi F/8oN4mH9A=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCCB4r2g9oQ9lsJ+3SzSbsboQ S+hO8eFDEq7/Im//GbZuDtj4Y eLw3w8y8IBFcG9f9dgpr6xubW8 Xt0s7u3v5B+fCopeNUMWyyWMS qE1CNgktsGm4EdhKFNAoEtoPxz cxvP6HSPJaPZpKgH9Gh5CFn1F jp4bbv9csVt+rOQVaJl5MK5Gj 0y1+9QczSCKVhgmrd9dzE+BlVh jOB01Iv1ZhQNqZD7FoqaYTaz+ anTsmZVQYkjJUtachc/T2R0Ujr SRTYzoiakV72ZuJ/Xjc14bWfc ZmkBiVbLApTQUxMZn+TAVfIjJh YQpni9lbCRlRRZmw6JRuCt/zy KmnVqt5FtXZ/WamTPI4inMApn IMHV1CHO2hAExgM4Rle4c0Rzov z7nwsWgtOPnMMf+B8/gC1A41P </latexit>
G1
<latexit sha1 _base64="Z3TgsBexIKkf3L016 2XsCkWzaoc=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqo MeCBz1WtB/QhrLZTtqlm03Y3Qg l9Cd48aCIV3+RN/+N2zYHbX0w 8Hhvhpl5QSK4Nq777RTW1jc2t4 rbpZ3dvf2D8uFRS8epYthksYh VJ6AaBZfYNNwI7CQKaRQIbAfjm 5nffkKleSwfzSRBP6JDyUPOqL HSw23f65crbtWdg6wSLycVyNH ol796g5ilEUrDBNW667mJ8TOqD GcCp6VeqjGhbEyH2LVU0gi1n8 1PnZIzqwxIGCtb0pC5+nsio5HW kyiwnRE1I73szcT/vG5qwms/4 zJJDUq2WBSmgpiYzP4mA66QGTG xhDLF7a2EjaiizNh0SjYEb/nl VdKqVb2Lau3+slIneRxFOIFTO AcPrqAOd9CAJjAYwjO8wpsjnBf n3flYtBacfOYY/sD5/AG4D41R </latexit>
G2
<latexit sha1_base64="SoQf eJvPGpfgWkPHoYiBUIw7CD4=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCBz1WtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+R N/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+f CoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqE ScJ9yM6VCIUjKKVHm77tX654lbdOcgq8XJSgRyNfvmrN4hZGnGF TFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsb alkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQ RjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1dr9Z aVO8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx /IHz+QO5k41S</latexit>
E2
<latexit sha1_base64="Gj6/ FI0TcO8ujxZpD37mORT3Mzw=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfH jUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1i JOE+xEdKhEKRtFKD7f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhC JqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWN tSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSo Ixmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVb2Lau3+s lIneRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY /sD5/AG2h41Q</latexit>
Y
C
e
<latexit sha1_base64="PzCZ H4KgMDy+7iYwhPTZIxyYHrE=">AAAB6HicbVBNS8NAEJ3Ur1q/q h69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/J m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+f ikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZ pqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa 9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxq yUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/ nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7atap3Va01ryt1k sdRhDM4h0vw4AbqcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+c zx/AgYzL</latexit>
e0
<latexit sha1_base64="i52s ft8PAQ6wUK3aoXM/QlAPt3o=">AAAB6XicbVBNS8NAEJ3Ur1q/q h69LBbRU0mqoMeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfH jU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM 0nQj+hQ8pAzaqz0gOf9csWtunOQVeLlpAI5Gv3yV28QszRCaZig Wnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUs aMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5 PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWrWqd1mt3V9V6 iSPowgncAoX4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/ cD5/ACD1jPw=</latexit>
vs
7!
⇤
<latexit sha1_base64="dkaXxDfxDJhb67Jjq5VGzUW5uxc=">AAAB8HicbVDLSgNBEOyNrxhfUS+Cl8EgiIewGwU9Brx4jGAekqxhdjJJhsxjmZkVwpKv8OJBEa9+jjf/xkmyB00saCiquunuimLOjPX9by+3srq2vpHfLGxt7+zuFfcPGkYlmtA6UVzpVoQN5UzSumWW01asKRYRp81odDP1m09UG6bkvR3HNBR4IFmfEWyd9NARODZWPZ53iyW/7M+AlkmQkRJkqHWLX52eIomg0hKOjWkHfmzDFGvLCKeTQicxNMZkhAe07ajEgpownR08QadO6aG+0q6kRTP190SKhTFjEblOge3QLHpT8T+vndj+dZgyGSeWSjJf1E84sgpNv0c9pimxfOwIJpq5WxEZYo2JdRkVXAjB4svLpFEpBxflyt1lqXqUxZGHYziBMwjgCqpwCzWoAwEBz/AKb572Xrx372PemvOymUP4A+/zB51MkCY=</latexit> 7!
⇤
<latexit sha1_base64="dkaXxDfxDJhb67Jjq5VGzUW5uxc=">AAAB8HicbVDLSgNBEOyNrxhfUS+Cl8EgiIewGwU9Brx4jGAekqxhdjJJhsxjmZkVwpKv8OJBEa9+jjf/xkmyB00saCiquunuimLOjPX9by+3srq2vpHfLGxt7+zuFfcPGkYlmtA6UVzpVoQN5UzSumWW01asKRYRp81odDP1m09UG6bkvR3HNBR4IFmfEWyd9NARODZWPZ53iyW/7M+AlkmQkRJkqHWLX52eIomg0hKOjWkHfmzDFGvLCKeTQicxNMZkhAe07ajEgpownR08QadO6aG+0q6kRTP190SKhTFjEblOge3QLHpT8T+vndj+dZgyGSeWSjJf1E84sgpNv0c9pimxfOwIJpq5WxEZYo2JdRkVXAjB4svLpFEpBxflyt1lqXqUxZGHYziBMwjgCqpwCzWoAwEBz/AKb572Xrx372PemvOymUP4A+/zB51MkCY=</latexit>
Sub-Case X ∈ {$, if, {n}} and Y = C . This is similar to the previous case.
Sub-Case X = C and Y = C . This case is also similar to the previous case.
Case e1 is in the border between E1 and G1 with d = ↓. Since there is no possible
rewrite, this case is true.
Proposition H.3 (Replacing dataflow environment preserves termination). For any
term graph G : {e : κ} → Ω, any dataflow environment E : (Ω∪Π)→ ; and F : (Ω∪Π′)→
;, (EG, e) ⇓⇐⇒ (FG, e) ⇓ and that they produce the same resulting term graph.
Proof. Since Init(EG, e) ≺ˆE Final(FG, e,X ), therefore this is a consequence of Lem. H.1
and Lem. H.2.
I Re-evaluation
Definition I.1 (Stable sequences). A sequence is stable if it does not contain any actual
rewrite transitions.
Lemma I.1 (Factorisation of stable sequences). For any graph G : ({e : κ} ∪Λ)→ ;, if
we have a stable sequence Init(G, e) 7→∗ (G, e′,↓,,X : S,B) then it can be factorised into
Init(G, e) 7→∗ (G, e′,↑,,? : S,B) 7→∗ (G, e′,↓,,X : S,B).
Proof. This is proved by induction on the number of transitions Init(G, e) 7→n (G, e′,↓,,X :
S,B).
Base Case n= 0: This is impossible since the start state must have ↑.
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Inductive Case n= k+ 1: Since we have Init(G, e) 7→n (G,δ) 7→ (G, e′,↓,,X : S,B),
this can be proved by case analysis on the last transition. We will show the proof for
(G [$], e′,↓, $, (n, g) : S,B) 7→ (G [$], e′,↓,, (n, g) : S,B) where e′ is the input of the
$-node. Since the machine is deterministic we can rewind the sequence to get
Init(G [$], e)
7→n (G [$], el ,↓,, (n2, x) : (n1, y) : S,B)
7→ (G [$], e′,↓, $, (n, g) : S,B)
Now by using induction hypothesis, we also have that
Init(G [$], e)
7→∗ (G [$], er ,↓,, (n1,−) : S,B)
7→ (G [$], el ,↑,,? : (n1,−) : S,B)
7→∗ (G [$], el ,↓,, (n2, x) : (n1, y) : S,B)
7→ (G [$], e′,↓, $, (n, g) : S,B)
Continuing the process we will get
Init(G [$], e)
7→∗ (G [$], e′,↑,,? : S,B)
7→ (G [$], er ,↑,,? : S,B)
7→∗ (G [$], er ,↓,, (n1,−) : S,B)
7→ (G [$], el ,↑,,? : (n1,−) : S,B)
7→∗ (G [$], el ,↓,, (n2, x) : (n1, y) : S,B)
7→ (G [$], e′,↓, $, (n, g) : S,B)
Lemma I.2. For any graph G : ({e : κ} ∪ Λ) → ;, if Init(G, e) 7→∗ (G,δ) 7→R (G′,δ′)
where the first part is stable, then we also have a stable sequence Init(G′, e) 7→∗ (G′,δ′).
Proof. This is proved by case analysis on every actual rewrite transitions (G,δ) 7→R
(G′,δ′).
Case p-rewrite, r-rewrite,m-rewrite, i f -rewrite, $-rewrite, l-rewrite, a-rewrite,
λ-rewrite, !D-rewrite, C-rewrite, !C-rewrites, µ-rewrite: These cases are similar
42
Steven W.T. Cheung, Dan R. Ghica, and Koko Muroya
and thus we will show the proof for $-rewrite. Let G = G [$] where G is the surround
context, then we have that
Init(G [$], e)
7→∗ (G [$], e′,↓, $, (n,−) : S,B)
7→ (G [C0 ⊗ (n!)⊗ C0], e′,↓,, (n,−) : S,B)
where e′ is the input of the $-node. Rewinding the sequence and by using Lem. I.1,
we have that
Init(G [$], e)
7→∗ (G [$], e′,↑,,? : S,B)
7→ (G [$], er ,↑,,? : S,B)
7→∗ (G [$], er ,↓,, (n1,−) : S,B)
7→ (G [$], el ,↑,,? : (n1,−) : S,B)
7→∗ (G [$], el ,↓,, (n2,−) : (n1,−) : S,B)
7→ (G [$], e′,↓, $, (n,−) : S,B)
7→ (G [C0 ⊗ (n!)⊗ C0], e′,↓,, (n,−) : S,B)
where er , el are the right-output and left-output of the $-node. Since replacing the $-
subgraph with a constant !-box does not affect the first part of the sequence, therefore
we can construct the following sequence
Init(G [C0 ⊗ (n!)⊗ C0], e)
7→∗ (G [C0 ⊗ (n!)⊗ C0], e′,↑,,? : S,B)
7→ (G [C0 ⊗ (n!)⊗ C0], e′′,↑,,? : S,B)
7→ (G [C0 ⊗ (n!)⊗ C0], e′′,↓,, (n,−) : S,B)
7→ (G [C0 ⊗ (n!)⊗ C0], e′,↓,, (n,−) : S,B)
where e′′ is the input to the n-node.
Case 7→P -rewrite: The proof is similar.We first have that Init(G [s], e) 7→∗ (G [s], e′,↑, sp,? :
S,B) 7→P (G′, e′,↓,, (b,−) : S,B) then we want to construct a sequence Init(G′, e) 7→∗
(G′, e′,↑, sp,? : S,B) 7→∗ (G′, e′,↓,, (b,−) : S,B), suppose the first half of the second
sequence does not lead to G′ which means that there exists some rewrite transitions.
However since the difference between G and G′ is that the content of some cells
are changed. This would mean that this transitions will also happen in the original
sequence which draws a contradiction.
Proposition I.3. For any graph G : {e : κ} ∪ Λ → ;, if Init(G, e) 7→∗ (G′,δ) for some
G′,δ, then we also have that Init(G′, e) 7→∗ (G′,δ).
Proof. Since the sequence Init(G, e) 7→∗ (G′,δ) is finite, therefore this can be proved
by induction on the number (n) of actual rewrite transitions in this sequence.
43
Transparent Synchronous Dataow
Base Case n= 0: this means that there are no actual rewrites in the sequence and
therefore G = G′.
Inductive Step n= k+ 1. First we factorise the sequence into
Init(G, e) 7→∗ (G,δ′) 7→R (G′′,δ′′) 7→∗ (G′,δ)
where 7→R denotes an actual rewrite transition.
By using Lem. I.2 on Init(G, e) 7→∗ (G,δ′) 7→R (G′′,δ′′), we have that Init(G′′, e) 7→∗
(G′′,δ′′). Since the machine is deterministic we have Init(G′′, e) 7→∗ (G′′,δ′′) 7→∗ (G′,δ)
with k rewrites transitions. Therefore by using the induction hypothesis on k, we have
that Init(G′, e) 7→∗ (G′,δ).
J Termination of Recursion-free Programs
In this section, we prove that programs without recursion always terminate. The proof
of termination relies on a unary logical relation, also known as a “logical predicate”.
Definition J.1 (Logical predicate for terminating graphs). For any term graph G : {e :
κ} → Ω, the logical predicate for terminating graphs Tκ is inductively defined on κ as
follows:
1. κ ∈ {!Int, !Unit,Cell}: G ∈ Tκ if for any dataflow environment E : (Π∪Ω∪Π′)→ ;,
(EG, e) ⇓.
2. κ= !(κ1 ¨ κ2): G ∈ Tκ if
a. for any dataflow environment E : (Π∪Ω∪Π′)→ ;, (EG, e) ⇓, and
b. for any term graph H : {e1 : κ1} → Γ ′ such that H ∈ Tκ1 , (GD⊗H)@ ∈ Tκ2 .
Proposition J.1. For any term graphs G1,G2 : {e : κ} → Ω, G1 ≺+ G2 implies that
G1 ∈ Tκ ⇐⇒ G2 ∈ Tκ.
Proof. This is proved by induction on κ.
Base Case κ is a ground type. To show that G1 ∈ Tκ =⇒ G2 ∈ Tκ we need to
show that for any dataflow environments E : (Ω3 ∪Π)→ ;, (EG′, e) ⇓. Since (EG, e) ⇓
and EG ≺+ EG′, therefore by using Lem. G.6, (EG′, e) ⇓. The other direction can be
shown by similar technique.
Induction Step κ=!(κ1 ¨ κ2). To show G1 ∈ Tκ =⇒ G2 ∈ Tκ we need to show that
(a) for any dataflow environment E : (Ω3 ∪Π)→ ;, (EG′, e) ⇓, and (b) for any term
graph H : {e1 : κ1} → Γ ′ such that H ∈ Tκ1 , (G′D ⊗ H)@ ∈ Tκ2 . (a) can be proved by
using similar technique as the base case. To show (b) we simply apply the induction
hypothesis on κ2. The other directio can be shown by similar technique.
Definition J.2 (Value trees). A value tree is a tree of !-boxes.
Lemma J.2. For any value tree V : {e1 : κ} → Λ, V ~C2 ≺+ ~C2(V ⊗ V ).
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Proof. This is proved by induction on the maximum height h of the value tree.
Base Case h= 0. This is true as ~C2 = ~C2.
Base Case h= 1. This is true as V ~C2 ≺c ~C2(V ⊗ V ).
Induction Step h = k + 1. We need to show that (G!)V ~C2 ≺+ ~C2((G!)V ⊗ (G!)V )
where the maximum height of V is h and (G!) is a value box. By induction hypothesis
we have (G!)V ~C2 ≺+ (G!) ~C2(V ⊗ V )≺c ~C2((G!)V ⊗ (G!)V ).
Lemma J.3. For any set of value tress ~V = V1 : {e1 : κ1} → Λ1, . . . ,Vm : {em : κm} → Λm,
~V ~C2 ≺+ ~C2(~V ⊗ ~V ).
Proof. This is proved by induction on m using Lem. J.2.
Lemma J.4. For any value dag V : {e : κ} → Γ , there exists some value tree V ′ such that
V ≺+ ~CV ′.
Proof. This is proved by induction on the maximum height of V using similar technique
as Lem. J.2.
Lemma J.5. For any dataflow environment E : (Ω∪Λ)→ ; and any ~C : Ω′→ Ω such
that Ω ⊂ Λ, there exists another dataflow environment E′ : (Ω′ ∪ Λ) → ; such that
E ~C ≺ E′ or E ~C is a dataflow environment it self.
Proof. When a C-node in ~C is connected to a $, if, {n}-node then it is obvious that the
resulting graph is a dataflow environment. When a C-node is connected by another
C-node, the two will be replaced by a single C-node and the resulting graph would
still be a dataflow environment.
Lemma J.6. For any term graph G : {e : κ} → Γ and any set of parallel C-nodes
~C : Γ → Γ1,
G ∈ Tκ =⇒ ~CG ∈ Tκ (1)
~CG ∈ Tκ =⇒ G ∈ Tκ (2)
where ~CG : {e : κ} → Γ1.
Proof. This is proved by induction on κ.
Base Case κ is a ground type. To show (1) we need to show that for any dataflow
environments E : (Ω3∪Π)→ ;, (E ~CG, e) ⇓. First by Lem. J.5 there exists a E′ such that
E ~CG ≺+ E′G. Since E′G ⇓ (by assumption) therefore by using Lem. G.6, (E ~CG, e) ⇓.
(2) can be shown by similar technique.
Induction Step κ =!(κ1 ¨ κ2). To show (1) we need to show that (a) for any
dataflow environment E : (Ω3 ∪ Π) → ;, (E ~CG, e) ⇓, and (b) for any term graph
H : {e1 : κ1} → Γ ′ such that H ∈ Tκ1 , ( ~CGD ⊗ H)@ ∈ Tκ2 . (a) can be proved by
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using similar technique as the base case. To show (b) we simply apply the induction
hypothesis on κ2. (2) can be shown by similar technique.
Lemma J.7 (Forward/Backward reasoning). For any term graph G : {e : κ} → Ω, if
there exists a dataflow environment E : (Ω∪Π)→ ; and a graph K : ({e : κ} ∪Π)→ ;
such that Init(EG, e) 7→∗ Final(E′G′, e,X ) E′ : (Ω′ ∪Π)→ ; is a dataflow environment
and G′ : {e : κ} → Ω′ is a term graph then
G ∈ Tκ =⇒ G′ ∈ Tκ (1)
G′ ∈ Tκ =⇒ G ∈ Tκ (2)
Proof. This is proved by induction on κ.
Base Case κ = ground type. To prove (1), we will need to show that for any
dataflow environment F : (Ω′ ∪ Π′) → ;, (FG′, e) ⇓. Since we have G ∈ Tκ, that
means (EG, e) ⇓, i.e. Init(EG, e) 7→∗ Final(K , e,X ) for some K ,X . Since the machine
is deterministic (Prop. F.5), therefore we have that (E′G′,δ) 7→∗ Final(K , e,X ). Then
by Prop. I.3, we have Init(E′G′, e) 7→∗ Final(K , e,X ). Therefore by using Prop. H.3, we
have that (FG′, e) ⇓. (2) can also be proved by similar technique.
Inductive Step κ =!(κ1 ¨ κ2). To prove (1), we need to show that (a) for any
dataflow environment F : Ω′ ∪Π′→ ;, (FG′, e) ⇓, and (b) for any term graph H : {e1 :
κ1} → Γ ′ such that H ∈ Tκ1 , (G′D ⊗ H)@ ∈ Tκ2 . (a) can be proved by using similar
technique as the base case.
For (b) since G ∈ Tκ therefore we have that (GD⊗H)@ ∈ Tκ2 . Suppose we construct
dataflow environment F : Γ ′→ ;. Then we run a sequence from Init((EGD⊗ FH)@, e2)
where e2 is the input of the @-node.
(EGD⊗ FH)@, e2,↑,,? : , (1)
7→(EGD⊗ FH)@, e1,↑,,? : , (2)
7→∗(E′′GD⊗ F ′H ′)@, e1,↓,,X : , (3)
7→∗(E′′′G′D⊗ F ′′H ′)@,δ′ (4)
Going from (2) to (3) we apply the condition of H and Cor. C.1.1. By using the sequence
in the assumption and Lem. H.3. Therefore by using the induction hypothesis on κ2,
we have that G′D⊗H ′ ∈ Tκ2 .
Now lets consider running another sequence:
(E′G′D⊗ FH, e2,↑,,? : ,) (1)
7→(E′G′D⊗ FH, e1,↑,,? : ,) (2)
7→∗(E′′G′D⊗ F ′H ′, e1,↓,,Y : ,) (3)
Again from (2) to (3) we apply the condition on H and Cor. C.1.1 and thus H ′ is the
same as the previous sequence. Since G′D⊗H ′ ∈ Tκ2 therefore by using the induction
hypothesis of backward reasoning, we have that G′D⊗H ∈ Tκ2 .
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The other direction is proved similarly.
Lemma J.8 (Fundamental lemma). For any well-typed term Γ ` t : τ which is recursion-
free, let G : {e : κ} → Γ = [[Γ ` t : τ]] any set of recursion-free value trees ~V = V1 : {e1 :
κ1} → Λ1, . . . ,Vm : {em : κm} → Λm such that Vi ∈ Tκi ,
…
V1
G
Vm
∈ Tκ
where ~VG : {e : κ} → Λ and Λ=⋃Λi.
Proof. This is proved by induction on the type derivation Γ ` t : τ.
Base Case Γ ` x : τ which means that G is empty. Since Vi ∈ Tκi therefore we have
Vi ∈ Tκ.
Base Case Γ ` n : Int. In this case we only need to show that for any dataflow
environment E : (Π∪ Γ ∪Π′)→ ;, (E(n!), e) ⇓ which is true.
Inductive Step Γ ` λx .t : τ1 → τ2. We need to show that (a) for any dataflow
environment E : (Π∪Γ ∪Π′)→ ;, (E ~VG, e) ⇓ which is true, and (b) for any term graph
H : {e1 : κ1} → Γ ′ such that H ∈ Tκ1 , (~VGD⊗H)@ ∈ Tκ2 .
In order to show (b), let E : Λ∪ Γ ′ ∪Π→ ; be a dataflow environment and we run
a sequence from Init(E(~VGD⊗H)@, e2) where (e2 : κ2) is the input of the @-node:
E(~VGD⊗H)@, (e2,↑,,? : ,) (1)
7→E(~VGD⊗H)@, (e1,↑,,? : ,) (2)
7→∗E′(~VGD⊗H ′)@, (e1,↓,,X : ,) (3)
7→E′(~VGD⊗H ′)@, (e′,↑,,? : ,) (4)
7→E′(~VGD⊗H ′)@, (e,↑,,? : ,) (5)
7→E′(~VGD⊗H ′)@, (a,↑, !,? : ,) (6)
7→E′(~V ([[t]]λ)⊗H ′)@, (a,↑,,? : ,) (7)
7→E′(~V ([[t]]λ)⊗H ′)@, (a,↑,λ,? : ,) (8)
7→E′(~V ⊗H ′)[[t]], (b,↑,,? : ,) (9)
where G =?([[t]])λ!, e′ is the input of the D-node, a is the input of the λ-node, b is
the input of [[t]]. Going from (2) to (3) we apply the condition on H and Cor. C.1.1
and thus H ′ is a value dag. Then by Lem. J.7, we have that H ′ ∈ Tκ1 . Now by using
Lem. J.4, we have H ′ ≺+ ~CK such that K a value tree and ~CK ∈ Tκ1 . By using Lem. J.6,
K ∈ Tκ1 .
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Now we can use the induction hypothesis on t to get (~V ⊗ K)[[t]] ∈ Tκ2 . Then
by Lem. J.6, we have that (~V ⊗ ~CK)[[t]] ∈ Tκ2 . Thus by using Prop. J.1, we have
(~V ⊗H ′)][[t]] ∈ Tκ2 . Therefore by using Lem. J.7, we have that (~VGD⊗H)@ ∈ Tκ2 .
Inductive Step Γ ` t u : τ. In this case, we need to show that ~VG ∈ Tκ where
G = ~C2([[t]]D⊗ [[u]])@.
First by Lem. J.3 we have that ~V ~C2([[t]]D⊗[[u]])@≺+ ~C2(~V [[t]]D⊗ ~V [[u]])@. There-
fore by Prop J.1, it suffices to show that ~C(~V [[t]]D⊗ ~V [[u]])@ ∈ Tκ. Since by induction
hypothesis on t and u, we have that (~V [[t]]D⊗ ~V [[u]])@ ∈ Tκ and then by Lem. J.6,
we have that ~C(~V [[t]]D⊗ ~V [[u]])@ ∈ Tκ.
Base Case (Γ ` op : τ). We are going to show the case for op = $ and op = assign.
Sub-Case Γ ` $ : Int→ Int→ Int. In this case, we need to show that ~VG ∈ T!(!Int¨!Int¨!Int).
The graph itself is terminating, therefore we only need to prove that for any H1 : {e1 :
!Int} → Γ ′ and H2 : {e2 : !Int} → Γ ′′, ((~VG⊗H1)@⊗H2)@ ∈ T!Int which is just to prove
that it terminates. For any S,B we run a sequence from Init(EU , e), running through
the arguments H1 and H2 and beta-reduction we get:
F(H ′1 ⊗H ′2)$, (e,↑,,? : ,) (1)
7→F(H ′1 ⊗H ′2)$, (e2,↑,,? : ,) (2)
7→∗F ′(H ′1 ⊗H ′′2 )$, (e2,↓,, (m, y) : ,) (3)
7→F ′(H ′1 ⊗H ′′2 )$, (e1,↑,,? : (m, x) : ,) (4)
7→∗F ′′(H ′′1 ⊗H ′′2 )$, (e1,↓,, (n, x) : (m, y) : ,) (5)
7→F ′′(H ′′1 ⊗H ′′2 )$, (e,↓, $, (n$m, z) : ,) (6)
Going from (2) to (3) and from (4) to (5) we use Lem. J.7 and Cor. C.1.1.
Now depending on z, the sequence will transit to either
F ′′(H ′′1 ⊗H ′′2 )$, (e,↓,, (n$m, g) : ,) (7)
F ′′(n$m)!, (e,↓,, (n$m,−) : ,) (8)
Sub-Case Γ ` assign : Cell→ Int→ Unit. This case is similar but also needs validity
(Lem. D.1) to prove that the cell being update exists.
Inductive Step Γ ` if t then t1 else t2 : γ. This case follow similar technique shown
in the previous case.
Proposition J.9 (Termination). For any closed well-typed term − ` t : τ which is
recursion-free, Init([[− ` t : τ]], r) 7→∗ Final(G, r,X ) for some G,X where X ∈ Ansr and r
is the root of [[− ` t : τ]].
Proof. This is just a consequence of the fundamental lemma (Lem. J.8).
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K Type Soundness
Proposition K.1 (Interface preservation). For any valid state (G,δ) where G : Λ→ ;,
all transitions send G to another graph G′ with the same interface, i.e.
(G : Λ→ ;)∧ (G,δ) 7→ (G′,δ′) =⇒ G′ : Λ→ ;.
Proof. All the pass transitions indeed satisfy the statement as they do not change the
shape of the graph at all. As for rewrite transitions, the proof is done by inspecting
them one-by-one.
Corollary K.1.1. For any valid state (G,δ) where G : Λ→ ;, if (G,δ) 7→∗ (G′,δ′) then
G′ : Λ→ ;.
Lemma K.2. For any valid state pi, either
1. pi is a answer state, or
2. there exists some pi′ such that pi 7→ pi′.
Proof. This is proved by case analysis on all possible valid states.
Proposition K.3 (Progress). For any closed well-typed term ` t : τ, if Init([[` t :
τ]], r) 7→n (G,δ) for some G,δ where r is the root of [[` t : τ]], then either (G,δ) is a
final state or there exists another state (G′,δ′) such that (G,δ) 7→ (G′,δ′).
Proof. Since the initial state is valid therefore this is simply the consequence of
Cor. D.1.1 and Lem. K.2.
Theorem K.4 (Type soundness). For any closed well-typed term − ` t : τ, let G : {r :
[[τ]]} → ;= [[− ` t : τ]] then
1. if t is recursion-free then the execution from Init(G, r) will terminate,
2. if t is with recursion then the execution from Init(G, r) will not crash.
Proof. This is just a consequence of Cor. K.1.1, Prop. J.9 and Prop. K.3.
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L Auxiliary material
L.1 Dening state machines and transducers
type (’state, ’event) state_machine = {
init : ’state ;
trans : ’state -> ’event -> ’state }
let compose m1 m2 = {
init = (m1.init, m2.init);
trans = fun (s1, s2) e ->
let s1’ = m1.trans s1 e in
let s2’ = m2.trans s2 s1 in (s1’, s2’) }
let run machine events =
let rec runFrom m curr = function
| [] -> []
| e :: es -> (m.trans curr e) :: runFrom m (m.trans curr e) es
in
machine.init :: runFrom machine machine.init events
type (’state, ’event, ’output) transducer = {
init : ’state ;
trans : ’state -> ’event -> ’state;
out : ’state -> ’output }
let compose_t m1 m2 = {
init = (m1.init, m2.init);
trans = (fun (s1, s2) e ->
let s1’ = m1.trans s1 e in
let s2’ = m2.trans s2 (m1.out s1) in (s1’, s2’));
out = fun (s1, s2) -> (m1.out s1, m2.out s2) }
let run_t machine events =
let rec runFrom m curr = function
| [] -> []
| e :: es -> m.out (m.trans curr e) :: runFrom m (m.trans curr e) es
in
machine.out (machine.init) :: runFrom machine machine.init events
L.2 Communicating state machines in OCaml
let alt : (int, ’a) state_machine = {
init = 1;
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trans = fun s _ -> 1 - s }
let sum : (int, int) state_machine = {
init = 0;
trans = fun s i -> i + s }
let _ =
let alt_sum = compose alt sum in
run alt_sum [();();()]
L.3 FIR in OCaml
let r ws = {
init = replicate (length ws) 0.0;
trans = (fun s i -> shift i s);
out = fun s -> fold_left (fun sum (w, s) -> sum +. w *. s) 0.0 (zip ws s) }
let avg3 =
let w = 1.0 /. 3.0 in
r [w; w; w]
let inp = {
init = 0.0;
trans = (fun s _ -> s +. 1.0);
out = fun x -> x }
let out = compose_t inp avg3
let _ = run_t out [();();()]
with the helper functions defined as follows:
let rec zip xs ys =
match (xs, ys) with
| [], [] -> []
| x :: xs, y :: ys -> (x, y) :: zip xs ys
let rec shift v = function
| [] -> []
| x :: y :: [] -> v% :: x :: []
| x :: xs -> v :: shift x xs
let rec replicate n x =
match n with
| 0 -> []
| n -> x :: replicate (n-1) x
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M Benchmarks
The first column represents the size of the dataflow graph. All times expressed in
miliseconds.
M.1 Alternating sum
size TSD inc. TSD RML Zélus
105 14 15 33 38
106 136 146 306 92
107 835 1,463 2,786 776
M.2 Cellular automata
size TSD inc. TSD RML
102 2 2 8
103 4 4 897
104 74 88 1m601
M.3 Chain of propagations
size inc. TSD JS Incr.
103 3 5
104 11 15
105 167 52
106 1,796 733
107 2,243 8,222
M.4 Field
size TSD inc. TSD JS Incr.
103 2 1 7
104 8 3 7
105 152 12 20
106 1,683 48 132
107 17,217 384 1,172
M.5 FIR
size TSD inc. TSD RML
102 32 226 32
103 381 3,905 272
104 11,630 46,323 7,728
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M.6 Fold max
size TSD inc. TSD RML
102 1 2 2
103 170 2 1
104 5,381 32 2
M.7 Fold max (2)
size TSD inc. TSD RML
102 1 2 2
103 2 2 2
104 13 26 2
M.8 Fold sum
size TSD inc. TSD RML
102 2 2 2
103 141 5 1
104 52,868 51 2
M.9 Fold sum (2)
size TSD inc. TSD RML
102 2 1 2
103 2 2 2
104 10 26 2
M.10 Heater simulation
size TSD inc. TSD Zélus
104 1 1 28
105 1 2 49
106 2 1 234
M.11 IIR
size TSD inc. TSD RML
10 116 431 67
102 1,243 8,351 468
103 17,765 198,376 6,465
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M.12 Light controller
size TSD inc. TYD RML Zélus
105 12 14 71 30
106 140 138 705 89
107 1,301 1,292 6,466 648
M.13 Map
size TSD inc. TSD RML
103 2 1 2
104 34 14 2
105 462 188 23
M.14 Page-rank
size TSD inc. TSD RML
10 1 1 2
102 10 2 11
103 2,970 387 3,060
M.15 Pendulum simulation
size TSD inc. TSD Zélus
105 85 191 88
106 861 1,887 638
107 8,793 21,221 6,464
M.16 Planets
size TSD inc. TSD RML
10 6 6 7
102 323 336 597
103 46,644 47,698 54,268
M.17 Tree propagation
size TSD inc. TSD JS Incr.
103 2 2 5
104 13 2 7
105 121 5 15
106 1,629 28 100
107 15,510 275 998
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